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'I’liE manufacture of spirit varnishes is cpiite a distinct industiy 
alto^'ether from that of oil varnishes. 4'he (juestion then arises 
wherein do the two classes of varnish differ, and when slioiild 
we use a spirit varnisli in preference to an oil varnish and vioe 
versa. 

Fewer hands are employed in makmj,^ spirit varnishes than 
in oil varnish manufacture, for the reason that in makinf( spirit 
varnished all you have to do is to take your alcohol and shellac 
and put them in a churn, set the machinery yoln^^ and it “ cuts ” 
itself. Whereas, in making oil varnishes, you iiavti to have fire- 
places and kettles; you must liave a man stand over each kettle 
and look after the melting of the material. It has to he put into 
tanks to settie, which does not have to he done m the case of 
shellac varnishes. Tn oil varnish-making you must have a plant 
with chimneys and everything constructed for it. On the other 
hand, you can make spirit varnishes in any little shanty where- 
ever you may be. It would not re(|uir(; any invested capital 
except in the merchandise alone. Take the orange sludlac that 
they import : all you have to do is to put that with alcohol and 
agitate it. There is nothing else to <io. One man could run 
twenty churns so far as looking after them is concerned. He 
would turn out a lot of stuff’. In America, however, all finely- 
finished pieces of furniture as a rule are finished with what we 
in Great Britain call oil varnishes, and then they are polished 
and rubbed, but as a rijle that is applied over one or two coats 
of shellac. Shellac varnish lias to be used to prciserve the colour 
of the finished product of the rattan chaiii inilustry. A varnish 
“cut” with oil will turn yellow. All oil varnishes do so, but 
a shellac varnish “cut” with alcohol, whether grain or wood 
alcohol, does not become yellow. i)n w'ork that requires a high 
polish, a distinctively durable finish to last a long time, where 
thp element of time in finishing theVoods is nut considered, 
an oil varnish w^ould he better than an alcohol varnish. There 
are some goods where an oil varnish is distinctively better 
than an alcohol varnish, but there are very many other goods 
on which an alcohol varnish would be used. 

In the rattan chair business alcohol varnish or shellac is 
about the only finish that can be used to keep the goods white. 
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It is almost an essential. In fact, until the advent of collodion 
and celluloid spirit varnishes, it had never been possible to find 
a substitute for shellac varnish “ cut ” either with grain alcght^ 
or with wood alcohol that would preserve the white colour of 
the goods which is necessary to maintain their beauty. 

In the general chair business, it expedites the finish to use 
shellac in some form instead of using an oil varnish, which takes 
from one to three days to dry, while a shellac varnisTi will dry in 
a few hours. I’hat is to say, goods can be produced from their 
raw state, that is, from the state in the white, ready to be 
dispatched in one day if necessary by using shellac varnish, 
while by using regular oil varnish it takes three days at least, 
ordinarily more. Time in a factory means money, because the 
men get a good many more articles finished in the same period 
of time. The same amount of labour turns out a much larger 
product, and the same amount of space room will turn out two 
to three tilings the product on many kinds of goods. 

doming to other industries, a carriage does not take up 
varnish like a house does. A large building takes a great deal of 
varnish. It is furniture that consumes varnish, especially spirit 
varnish. With oil varnish, on the other hand, a carriage man 
will give an order for a barrel where a builder in a large way 
will take several. The present high price of all raw materials 
is bringing about quite an anomalous state of affairs. . The 
dift(U’enc(i in cost between a high and a low-priced varnish comes 
in thus, says an American varnish-maker: we can use benzine 
at H.J cents a gallon for the solvent, and we can use Manila gum 
at 10 cents a lb., whereas wo pay a dollar a lb. for goose' flesh, 
and then have to prepare the ods in the most expensive manner 
possible. Signs arc not awanting that strenuous efforts are being 
made by interested parties posing as public benefactors to 
“educate” the trade to the use of low-grade raw materials 
which can in no way be regarded as substitutes for the products 
th(^y are intended to replace. They are not even make-shifts, 
and those who listen to the voice of the charmer will most 
assuredly reap the harvest they have sown. A good trade name 
is after all better than a golden girdle. 

J. G. M. 


London, Mmj, lOll. 
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PART 1. 

SOLVENTS. 


CHAPTER I. 

CHARACTEIUSTICS OF SPIRIT VARNISH SOLVENTS OR DILl'ENTS. 

If the solvents more or less available for use in the spirit varnish 
trade are somewhat numerous, yet only a comparatively small number 
of these are to any great extent actually used, for the very sound reason 
that, if many be dear, few are efficient. The scarcity of spirits of 
turpentine has brought a very excellent solvent indeed, petroleum 
spirit, to the fore ; it, in many cases, is just as valuable a solvent 
as spirits of turpentine, and that even if it were sold at the same 
price as the latter. For many purposes it is indeed sui)erior to spirits 
of turpentine, for instance, as a solvent for rosin, it leaves a more hard 
and far less tacky coat than spirits of turpentine does. The oliief 
points to be observed in selecting solvents are the following ; — 

1. Freedom from acidity, turbidity, and all impurities. 

2. Solubility in and affinity for water, and the percentage of water 
present if the solvent be soluble in water. 

3. Colour, if any and if readily decolorized. 

4. Smell, if any and if readily deodorized. 

• 5. Flash-point if possible above 73' F. 

6. Miscibility with other solvents. 

7. Price. 

8. Constancy of supply, more especially in time of war. 

9. Solvent capacity. 

10. Rapidity of evaporation, and freedom from residue. 

11. Density or specific gi'avity. 

12. Viscosity and conversely limpidity. 

1. Freedom from Acidity. — The free acid, and other noxious 
impurities, in methylated spirit are a source of trouble, causing 
blooming, chilling, etc., of the varnish film in cold, damp, raw 
weather. The acidity of spirits of turpentine, if due to acetic acid 
or similar acids, is highly objectionable and a fruitful cause of corro- 
sion ; when used to dilute or thin inert pigments (in paints) which 
canhot kill this acidity, such acid spirits of turpentine must do incal- 
culable mischief by starting metallic corrosioa at the very outset. 
Neither methylated spirit nor spirits of turpentine should turn blue 
litmus red. If solvents react acid, the acidity should be corrected prior 
to use, in the case of spirits of turpentine, by filtration through quick- 
lime followed, if need be, by rectification. As to methylated spirit 
reacting acid, nothing can be done without , excise permission. The 
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vamish*maker would do well to buy only from neutral samples of 
all solvents and insist on deliveries bein^ absolutely neutral. 

2. hoLubility in ami Afiinity for Water.— This is far from an 
advantage. If we take the case of a substance only volatile at a 
somewhat hij^h temperature, e.}^/ sulphuric acid, which has an affinity 
for water, and pour some' of it into a saucer in a cold, raw, damp 
atmosphere so as to till the saucer about one-half and leave it for say 
a couple of days,. the contents of the saucer will then be running 
over. Now, alcohol has as groat an affinity for water as sulphuric 
acid has, but the strong alcohol in a spirit varnish film, as applied, 
is volatile, and passes away into the air before it can absorb much 
water. But the alcohol in the varnish, if already somewhat weak, 
may absorb quite enough water from the damp, cold, raw air (which 
keei)s the alcohol longer in contact with the water than warm air 
does) to thoroughly chill the varnish, causing it to bloom and exhibit 
all tlie numerous l)ad effects which a varnish applied under such con- 
ditions must })erforce exhibit. To sum up, the alcohol if weak is not 
too weak to prevent it becoming still more dilute by attracting a 
further (piantity of moisture from the air, and this contingent from 
the air goes to swell thtj amount of water originally present in the 
alcohol, and the aggrtigate of the two amounts of water are concen- 
trated in tlu5 last dregs of the solvent left in the varnish film. 

d. Colour.— \\\ solvents should be water-white and kept in well- 
tinned vessels. Black camphor oil, for instance, has some merits as 
a solvent, but it should l)e rectified and so decolorized prior to use, 
and so on with other dark solvents. But it is useless to expect a free 
acid solvent to remain colourless unless stored in glass or porcelain : 
it must perforce attack the metals or solder and become coloured. 

4. Smell.— Thid idiosyncracies of workmen must be considered. 
The olfactory nerves of some are more sensitive than others. Many 
persons object to the smell of such solvents as turps, amyl acetate, 
amyl alcohol. The smell of unrectified carbon disulphide is abomin- 
able. But dehydrated green vitriol deodorizes it, and many other 
evil-smelling solvents, such as utirectified petroleum spirit. But 
some tolerate the smell that others abhor. 

5. Flash-point . — A low flash-point brings the solvent under the 
Petroleum Acts, and that restricts sale, but sufficient attenuation of 
certain varnishes and the requisite rapidity of evaporation to a non- 
tacky coat can only be secured by the use of low-flash products. 

6. Misoibility with other Solvents . — Here we have one of the great 

defects of alcohol — it will not mix with fixed oils, castor-oil andtjroton- 
oil excepted, nor with petroleum products. Deficiency as regards 
miscibility with oils is characteristic of all solvents which dissolve in 
water in all proportions. A solvent that dissolves in water, however 
great its solvent power for the solid which it is used to dissolve, is 
a defective solvent from a varnish point of view, because it leaves 
water. even at a high temperature; witness the "bumping” of an 
ethereal solution of fatty aoids; near to dryness the 
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water is ejected as steam in spurts, throwing the fatty acids m every 
direction. Here we have another proof that in the evaporaiiipD of 
a spirit varnish, in which aqueous spirit is used, the water is con- 
centrated in the varnish film until the last stage of drying, when it 
makes itself felt in blooming and countless other defects. The 
principle to bear in mind is that like solvents are mutually inter- 
miscible. All coal-tar products used as solvents dissolve each other ; 
benzene dissolves xylene. The same principle applies to petroleum 
products. Gasolene is an excellent thinner for the more heavy white • 
spirit. Pure methyl alcohol, a wood-tar distillation product, if our 
excise allowed it to be used, would be a highly useful spirit varnish 
solvent from both the evaporative point of view and solvent capacity. 
It would decidedly increase the volatility of spirit varnishes. Again 
acetone is another wood-tar product, and it also mixes with methyl 
alcohol in all proportions. 

7. Prke.-^The intelligent varnish-maker knows very well that he 
cannot use a solvent selling at double or treble the price per gallon 
that he can get for it as a constituent of varnish. 

8. Cunstancff of Snpplj/ at a Pair J^rice. — Acetone is no doubt an 
excellent solvent in many ways, but there is every reason to believe, 
a8.it takes a “ forest ” of timber to produce a ton of acetone, that it will 
get higher in price as timber every day grows scarcer. Needless to 
say, it would rise to famitic prices in case of a groat war. Varnish- 
makers who relied on acetone as a solvent would then find themselves 
in a serious predicament. 

9. Solvent Capacity . — Each solvent has its spc^cial use and is 
used to dissolve some particular line of resins. Alcohol is the best 
solvent for shellac and sandarac, spirits of turpentine for mastic, 
dammar, and common rosin. Amyl acetate, acetone, ether, acetic 
ether, or a mixture of these, form suibible solvents for celluloid. 
Carbon disulphide is the solvent par e.rcellenoc for india-rubber and 
gutta-percha. It has been known for over a century that camphor 
and its congeners aid solution of copal in turps or methylated spirits, 
hence the virtue of terpineol as a copal solvent or of essential oils 
containing congeners of camphor, e.g. cajeput oil, rosemary oil. Too 
great results are expected from terpineol as a solvent for “copal’'. 

Too implicit reliance should not Ije placed in tables of solubility. 
Some of them show at a glance that the operator was not a master 
of his subject. As regards other tables, if the skill of the operator 
cannot be called in question, the fact remains that the analysis is 
only • made either on a single lump or a single delivery. The 
amount left insoluble by any partial solvent for a resin will not only 
vary with each batch of resin, but with each lump of each resin, 
which has perforce a distinct history of its own. It may safely 
be said that no two operators working independently with the 
same solvents and pieces from the same lump of the same resins 
will get identical or even comparable results in the case of in- 
tractable resins. The solution of an intractable resin is like the get- 
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ting of a startled animal through a gate. One man can easily coax 
it through, another either runs for his life or still further frightens 
the animal so that it bolts away on another path. So it is with 
resins. Solution is often effected readily by the turn of the wrist, 
by the skill and by the tact of the practical man. The operator who 
tries to force solution, if he does not get severely burnt for his pains, 
generally gets a slimy agglutination as his reward. The varnish- 
maker, in trying to find the best solvent for a new resin, should con- 
sult Coffignier’s or other reliable tables. Suppose he wants the most 
powerful solvent for ceresin, then he would consult the following 
table, which shows carl)on disulphide to rank first, petroleum ether 
running it a close second ; — 

TABLE I.-SOLUBILITY OP CEBESIN IN VABIOUS SOLVENTS. 


solvent. 

Density. 

boiling-point 

j Ceresin in gramiueM 
dissolved hy 

Solvent in graminos 
to dissolve 

- . 

_ 

1 lOo grins. 

! inn c.e. 

1 part Ceresin. 

Carbon (liBulphi<le . 

_ 



1 12-00 

_ 

7-6 

Petioleuin fthfv 

o-72aa 

up to 75 

1 11-73 

, 8-48 

1 8-5 

Turps . 

— 

158-100 

; 0-00 

; 5-21 

! 16-1 

Cumene com. . 

0’807 

up to 160 

: 4-28 

3-72 

23-4 

Cumene . 

0*847 

150-100 

3-00 

1 3-30 

25-0 

1 25-1 

Xylene com. . 

0-800 

135-143 

3-05 

3-43 

Xylene . 

Toluene . 

0-804 

130-148 

4-80 

3-77 

22*7 

O-HOO 

108-110 

3-83 

3-34 

26-1 

Toluene . 

0-800 

0 

1 

3-02 

3-41 

25-5 

Chloroform . 

— 



2-42 

3-01 

41*3 

Benzene . 

— 



1-00 

1-75 

50*3 

Ethyl ether . 

— 



1-06 


' 50*8 

Iho butyl alcohol 

0-804 



0-285 

0-228 

352-0 

Acetone . 

0-707 

— 

0-262 

0-200 

378-7 

Ethyl acetate . 

— 



0-238 

j 

419-0 

Ethyl alcohol . 

_ 



0-210 



453*6 

Amyl alcohol . 

0-813 

127-129 

0-202 

0-164 

405-3 

Propionic acid 

— 



0-105 


505-3 

Propyl alcohol 

_ 



0-141 



709*4 

Methyl alcohol 

0-708 

05-5-66-5 

0-071 

0-056 

1447*5 

Methyl formate 

— 



0-060 


1648-7 

Acetic acid 

— 



0-060 

0-063 

1668-6 

Ethyl alcohol . 

— 



0-046 


2149-5 

Acetic anhydride , 

— 



0-025 


8856-2 

Fonnio acid cryst^la 

-- 



0-013 

0-015 

7089*2 

Ethyl alcohol ’ 


— 

0-0003 


33000-0 


When a varnish-maker receives a new resin for trial, he should 
either go to work himself or set his chemist to work to determine 
and tabulat€f its solubility. 

10. Uapiditij of Evaporation . — Here it is impracticable to use 
such a solvent as spirits of turpentine if the varnish has to dry in 
ten to fifteen minutes. Such a result can only be got by the use of 
petroleum spirit, say 76 per cent by vol. of petroleum spirit and 
26 per cent by vol. of gasolene. The gasolene as it evaporates whirla 
the petroleum spirit along with it. 
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11. Density , — Great density in the solvent is not always re- 
quired. When a heavy solvent is used in enamels it may, how- 
ever, prevent to some extent the sepai-ation of the vehicle from the 
pigment. But when the density of the solvent is doubled, so also is 
the railway account for the carriage of varnishes in which such heavy 
solvents figure. Moreover the density is so far an index of purity 
that the hydrometer should he in constant use in buying solvents. 

12. Viscosity . — Too mobile a solvent is not always an advantage, 
neither is a too viscous one. Spirits of turpentine is somewhat too 
viscous for certain purposes, wliilst ether and gasolene are too mobile. 
The practical man knows the happy medium which does not lend 
itself very well to verbal expression. 

So as to explain the plan of this, Part I of this Volume, and 
thus facilitate reference ; it may be well to state that the solvents to 
be described in the secpiel are taken in alphabetical order as far as 
due regard to logical sequence will allow :- • 


l*AOE PAOK 

1. Acetic Acid - - G , LS. Dichlorhydvin - 25 

2. Acetic Anhydride - 6 ' 14. Epichlorhydrin - 26-26 

3. .Acetone - - - 6-7 ■ 16. Ethyl Alcohol - 28-33 

4. Amyl Acetate - - 7 , 16. Ether - - - 33-34 

5. Amyl Alcohol - - 8-9 i 17. Ethyl Acetate - - 34 

6. Benzene, etc. - - 11-19 j 18. Ethyl Nitrate - - 86 

7. Cajeput Oil - - 19-20 | 19. Ethyl Nitrite - - 36 

8. Caoutchine - - 20 j 20. Methyl Alcohol - 36-37 

9. Carbondisulphide - 20-22 | 21. Methyl Nitrate - 37-38 

10. Carbontetrachloride - 22-23 j 22. Naphthaline - - 39 

11. Chloroform - - 23-24 I 23. Petroleum Spirit - 39-40 

1 rt /"II 1 . • -l-k • 1 • n / n J m . • _ . x TT 


12. Chlorine Derivatives 24-25 i 24. Turpentine, see Part II. 



CHAPTER n. 

SOrilCK, rUKrAHATION aSD rSES OF VAUIOL'S SOLVENTS. 


1. Acetic Acid . — Chemical formula, ; molecular weight — 

60; melting-point, 16‘5'‘C. ; boiling-point, 118'" C. ; specific gravity, 

1'080 at 0' C. : at 20’ C. density, - 1'0495; index of refraction, 


1*36985, II" ; molecular refraction, p 
oulated, 21*4 ; molecular refraction, p. 


determined, 21*15; cal- 
determined, 12*93 ; 


- I 
d ’ 

- 1 

’\a- + -Dd • 

calculated, 13*04. 

It is an excellent solvent for many organic compounds, particu- 
larly resins. But owing (1) to the suffocating odour of the strong 
acid, its highly corrosive action on many metals and on the 
skin, (2) to its hygroscopic nature, (3) its high boiling-point and 
consequent slow evaporation, it is impracticable to use it in the free 
state as a solvent for resins in varnish-making. In the combined 
state as ethyl and amyl acetate, it finds a use as a solvent for celluloid, 
and in combination with cellulose itself, as cellulose acetate, it forms 
a substitute for celluloid less brittle than celluloid itself. 

2. Acetic Anlif/dride.—G\ieu\ica.\ formula, (CH./C0),0 ; molecular 

weight, 102*1; fluid, boiling-point, 138"^ C.; density at 20" C., ,/ ■ 

4 u. 

1*0815; index of refraction (at above temperature), 1*36985; mole- 
oular refraction, p ; determined, 36*63 ; calculated, 37*4 ; mole- 

jp _ I 

oular refraction, determined, 12*93; calculated, 13*04. 

+ 2)d 

Acetic anhydride is a mobile liquid with an unpleasant, irritating 
odour. Alkalies water, and all substances, except acids which 
contain the hydroxyl group, decompose acetic anhydride, acetyl de- 
rivatives being formed. Its main use is in oil and resin analysis. 

3. Acetone. — Chemical formula, C^H^O, molecular weight = 58 ; 

D - at 20° C. - 0*7920 ; molecular refraction, j; ~ 

oulated, 26*2 ; molecular refraction, T = 16*05 ; calculated 

(?r‘ + 2)d 

( 6 ) 



AM\;L ACETAlfS. 

16 02. Pure acetone is obtained by rectityinj' the crudeLdwtillaite from 
the dry distillation of acetate of lime. It is a colourless liqilid liaving 
a peculiar ethereal odour and a burning taste, a specific gravity of 
0 814, and a boiling-point of 53 3 at 0 C. It is miscible with other, 
alcohol, and water in all proportions. ’ Comioercial acetone should not 
have a specific gravity greatcjr than 0.802 at 15 C.. and four-fifths 
of it should distil below 58‘8 C; It is an excellent solvent for resins, 
gums, camphor, fats, and gun-cottou, and is largely used in the 
manufacture of smokel ss |X)wdor, the preparation of celluloid goods, 
chloroform, iodoform, and sulphonal. Acetone; is also manufactured 
from crude wood spirit, of which it is an important constituent, by the 
continuous reciilication plant designed In K. Hailxjt of Paris, now in 
use both ill •France, (>anada, and the United States of America. The 
crude wood spirit contains aliout 25 j)er cent of acetone, and the plant 
yields acetone of 05 to 98 per cent purity. 

Tenliwi (if Acetnne. — (1) It should lie limpid .and pale. (2) It 
should mix with water in all propfirtions. (3^ Th(‘ aojjtone should* 
be neutral and mark 98 5 at 15 C. f.ll) F.) by the alcoholmeter. (4) 
On distillation, 95 per cent of the liquid should distil at 58*" C. 
(136 '4' F. ). (5; .V solution of mercuric chloride should give no tur- 

bidity with acelone. ((.U Tlie acetone should not contain more than 
O'l per cent of aldehyde, which is determined l)y reduction by a 
solution prepaiv^d from 30 grammes of nitrate of silver, 30 
grammes of caustic soda and 200 grammes of ammonia (of 0*900 
density), all dissolved m distilled water to I litre ; 10 c.c. of 
acetone are taken, its volume of ilistilled water and 2 c.c. of the 
silver solution aildod ; it is left for a quarter of an hour in darkness, 
then it is tested by ammonium sulphide to see if there he nitrate of 
silver in excess ; if not, tlie acetone contains more than 1 per cent of 
aldeliydc. (7) iiy Messinger’s iodometric assay 98 per cent at least 
should be obtained. 

4. Ainijl Aretatfi. — (3iemicai formula, (’ll, ; molecular 
weight, 130*1 ; density, 0*8.77 fluid, hoiling-point, 148 C. ; index 
of refraction at 20" C. (I) 0*8561 j, 1 '40168; molecular refrac- 

tion, ^ \ found, 13*94: calculated, 13*8; molecular refraction, 

p~ ; found, 8*52 ; calculated, 8*48. The preparation of this 

'^(n- + 2)f/. 

ether is carried out in the same way as that of ethyl acetate from 
acetate of soda, sulphuric acid, and amyl alcohol. The rectified 
product is washed with water, then set aside to dry over calcium 
chloride and rectified with a little kad oxde. Berthelot advises 
that the crude product be washed with acetic acid, diluted with 
its own weight of water, so as to remove traces of amyl alcohol 
which separate with difficulty ; it is then washed with water, dried 
over chloride of calcium and finally rectified over lead oxide. Amyl 
acetate is a colourless liquid, boiling at 125^ C. ; its density is 0*876 
at C. ; it is insoluble in water, but soluble in alcohol and 
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ether. Its aromatic ethereal odour, recalling the pear, has induced 
confectioners to use it in certain saccharine preparations. It likewise 
enters into the composition of some perfumes, so as to impart to 
them a more pleasant odour, as w'ell as into certain extra fine 
petroleum products {prt roles do luxe), but it is chiefly used as a 
solvent of pyroxylin or nitrocellulose in the manufacture of spirit 
varnishes of the Zapon type. 

5. Ariii/l Alcohol (Isoaniylic alcohol fermentation amyl alcohol, 
(CH.J“CH-CH, CH, OH).— Chemical formula (Empirical), ; 

molecular weight, 88 ; density, 0*825 at O^C. ; boiling-point, 129° C. ; 
flash-point, 42" C.; index of refraction {t 20° C. ; D 0*8123) -= 

*— 1 

1*40573 ; molecular refraction, p ; found, 43*99 ; calculated, 


43 ; molecular refraction, - ; found, 8*52 ; calculated, 8*48. 

+ Ip 

Onlinary or fermentation alcohol is one of the eight possible alcohols 
of the formula C-Hj.jO. The physical constants of five of these are 
given in the following table : — 


TARLK II.— CHEMICAL AND PHYSICAL CONSTANTS OF ISOMERIC 
AMYL ALCOHOIiS. 


Amyl aloohol, Diethylcar- 
binol 
„ norm. 

„ Fermentation, 

Iro- 

„ second., Methyl- 
propylearbinol 
„ necond., Melhyl-I 
iHopropyl- I 
cMi'binol . I 


Fortiiuln. 




(C"-HY*CHOH 
CHPCH-’OH 
f (ch=‘)\;hch2 
I •CHa:OH 

/CWCH'JCHfOH) 
{ CH^ 

-CHCH(OH) 
•CH« 


[(CHV 





Density. 


Boili 

point 

0 - 8 ai 5 / 0 “C. 


110-3 

0 -H 2 %/ 0 ''C. 

rt. 

137 

0 - 82 .>/ 0 °C. 

H. 

129 

0 - 825 / 0 '^ C. 

H. 

118-.5 

0 - 829 / 0 ° C. 

li. 

I 

112-5 


Scheele was acquainted with amyl alcohol in its impure state as 
fusel oil. Dumas determined its composition in 1834. Cahours in 
1837 pointed out its analogy with ordinary alcohol, an analogy which 
was confirmed by the researches of Dumas and Stas, but more 
especially by those of Balard. 

The fusel oil, which is the last body to come over in the distilla- 
tion of alcohol (whether from nudt, wine, potatoes, or beetroot), con- 
sists principally of amylio alcohol. 

Amyl alcohol is invariably present in fermentation alcohol, but its 
formation therein is obscure. Commercial fusel oils of different 
degrees of purity are to be found on the market. Commercial fusel 
oil contains only about 80 per cent of pure amyl alcohol. To 
obtain it pure the fusel oil is washed with water, and the portion 
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which passes over between 128“ and 132“ C. is collected apart. The 
portion distilling over below 128 contains butylic alcohol. Five c.c. of 
pure amyl alcohol mixed with concentrated sulphuric acid should 
only give a faint yellow or reddish colour. The commercial amylio 
alcohol is coloured black to brownish by sulphuric acid. Amyl 
alcohol, colourless when mixed with sulphuric acid, can only be ob- 
tained by repeated tedious treatment with concentmted sulphuric acid, 
and quite pure amyl alcohol can only be got by decomposing pure amyl 
sulphate. Amyl alcohol is a clear colourless liquid without action on 
litmus paper, but on keeping a bottle on the lal)oratory shelves, how- 
ever clear and colourless it be at first, it turns In-ownish by age, a 
fact which militates against its use in those spirit varnishes where a 
pale water- white colour is essential ; besides amyl alcohol possesses a 
most disagreeable odour, and the vapour is most irritating to the 
throat and lungs, causing persistent coughing, and thus preventing its 
use as a solvent to the extent its superior solvent capacities for 
resins entitle it. Anyone who has the slightest regard for the comfort 
of those who make or use spirit varnishes, or come in contact with 
or even in proximity to articles on which they are applied, should 
consider well before they use amyl alcohol as a solvent. In straw- 
hat polishes it is especially objectionable, as one such straw hat in a 
warm room will suHice to set the whole audience coughing months 
after the application of the amyl alcohol stain to the hat. This 
seems to point out that the amyl alcohol is retained by the layer of 
dried stain. With a pale water-white varnish the film would be 
liable to be darkened on age by this retention of the amyl alcohol. 
Rabatte uses amyl alcohol as a potash solvent (1) in oil analysis and 
(2) technically to neutralize free acid in rosin oil. It has a burning 
taste and is the maddening principle in new raw grain whisky. It 
dissolves in alcohol and ether, carbon disulphide, essential and fatty 
oils, but is only sparingly soluble in water (1 in 39 at 16'5° C. will 
stand 1 in 50 at 13-14, and the solution becomes milky at 30“ C.). It 
dissolves in all proportions in dilute acetic acid (1:1). It deviates 
the plane of polarization to the left, but to a different extent accord- 
ing to its source. Amyl alcohol does not take fire by contact with 
a flame, and when dropped on paper does not leave a permanent 
greasy stain. Ten grains evaporated on the water bath should leave 
no residue. 

Ordinary amyl alcohol is a mixture in varying proportions of two 
isomerides, one of which is inactive and the other levo-rotatory. By 
converting the mixture into amyl sulphuric acid and neutralization with 
barihm carbonate, the two isomeric alcohols can be separated, as the 
barium salt of the active alcohol is two and a half times more soluble 
in water than that of the inactive alcohol. 



CHAPTER III. 

SOLVENTS-(COA^mT'A"/)). 

(3. Ihnzem, its derivatives ami its homologueSf Toluene, Xylene, Sol- 
vent Naphtha. — Ordinary crude coal-tar naphtha (this treatise, Vol. 
II, pp. 34-7) is a dark-brown liquor with an unpleasant smell and a 
characteristic fluorescence or bloom. Its density varies from 0*840 
to 0*940 and upwards. Scottish crude naphthas vary in density 
from 0*868 to 0*876. London naphthas range higher, viz. from 
0*883 to 0*888. On distillation it evolves much ammonia. Like 
most products of destructive distillation its composition is highly 
complicated. Crude naphtha contains the most volatile principles 
of coal-tar, but is always accompanied by difficultly volatile products. 
It not only contains benzene and its homologues, but appreciable 
amounts of phenol, naphthalene and other volatile bases, pyro- 
genated resins, etc. Amongst the readily volatile substances are 
methane, marsh gas, olefins, carbon disulphide, mercaptans, nitriles. 

Fractioml Distillation Tests of Crude Naphtha. — The crude 
naphtha is distilled in a retort, collecting distillate in two fractions ; 
that distilling below 160° C. gives the percentage of once-run naphtha, 
that between 160° and 180" C. the proportion of medium naphtha. 
Each of these distillates may be still further rectified in a bulb-tube 
apparatus (taking sufficient once-run naphtha to yield 100 c.c. dis- 
tillate below 100° C. to confirm it as 90 per cent benzol), and that 
fraction of the once-run naphtha which then distils below 100“ C. gives 
the percentage of 90 per cent benzol ; that from 100° to 190° C. begin- 
ning to distil at 108° to 110° C. and yielding 88 to 90 per cent of dis- 
tillate at 120' C. gives the percentage of toluene, the fraction distilling 
from 120° to 160° C. the percentage of solvent naphtha. The 
results got by the bulb-tube apparatus agree closely with those got 
in the works. 


TAHIiK III. -FRACTIONATION OF CRUDE NAPHTHA. 


Lab^n-utory. 


Percent 

Works. 

Per cent. 

BeloA' 100=» C. . 


30 

00 per cent benzol . 

31-32 

Between 100".1*20^ C. , 


15 

Toluene. . . . ' 

14-10 

„ C. . 


20 

Holvent naphtha . 

12-15 


( 10 ) 
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Once-run ISaphtha . — Crude naphtha is generally re-distilled as it 
is to obtain onoe-nin napl^tha. An intermediate fraction medium 
naphtha is sometimes produced. It consists ot the fraction from 
the^orude, which on re-distillation passes' over between 160° and 
180 C. But benzene can even be separated from this latter fraction 
by a column still. Once-run naphtha is a fluid oil of density 0*886 
to 0*892. Before rectiflcation it is treated by concentrated sulphuric 
acid and alkalis. The role of the sulphuiic acid is a multifarious 
one. It combines with the bases, aniline, etc. : it destroys the pyro- 
genated resins ; it dissolves the olefins, and in general it eliminates 
all the bodies on which it acts. Moreover, it forms, with the 
naphthalene and the phenol, sulpho-conjugated acids which dissolve 
in the excess of acid. The use of alkalis (caustic soda) is of less 
importance than in the refining of petroleum, shale oil, lignite oil, or 
heavy coal-tar oil, because in the former there are vcmt few phenols, 
the elimination of which is the principal object of this operation. 
That is why the tieatment of once-run naphtha is, generally, started 
with sulphuric acid, followed by a light soda treatment to eliminate 
either the remainder of the phenols or the sulphuric acid and sulpho- 
conjugated acids remaining in solution. The amount of acid used 
depends on the naphtha — 1 lb. per gallon (Lunge). Tbe acid used 
in refining has an average density of 1*366, ecpuil to 46 per cent. 
It forms a troublesome waste product. After running off' the acid 
the naphtha is washed with water and then by 20° Tw, soda lye. 
The amount cannot be determined beforehand, it varies with the 
naphtha. The loss in refining averages 8 gallons per 100 gallons 
of once-run naphtha. With good naphtha it freciuently falls to 6 
and even 4 per cent, but bad products may lose 12 per cent. Not 
only do recently distilled naphtlias require less chemicals in refining 
than old naphthas, but the loss in refining is less. The refining 
complete, the once-run naphtha, the washed product, is steam-dis- 
tilled, and the final products, benzene, solvent naphtha, etc., col- 
lected. A still exactly like the crude najditha still is employed. 
The condenser coil may be all of lead, and, on account of the vola- 
tility of benzene, should be of sufficient length. The fractionation 
is solely conducted by the indications of the thermometer. The 
fixed points of the fractionation vary with the nature of the final 
product desired. In making 90 j)er cent benzene the first fraction 
must be collected at 110° C., the second at 140° C., the third at 
170° C., and then stop. The first fraction, again distilled by steam, 
then yields much 90 per cent benzol. But if it be desired to make 
50 per cent benzol two fractions suflice, the first up to 140° C., the 
second from 140° to 170° C. The distillation of 770 gallons takes 
eight to nine hours, so that a distillation can easily be finished in a day. 
The still seldom requires cleaning. Lunge gives the following data : — 
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.TABLE IV. -FRACTIONATION OF 50 PER CENT BENZENE FROM 
NAPHTHA (LUNGE). 


Cnide Mnteiin). 

Dtiitillata up 
Ut 140° C. 
HrHt prcHluet. 
VolunMi, 
per cent. 

Dintillate from 
1400 0. to 17()o C. 
Hecontl profluct. 
Volume, 
per cent. 

1 

1 

1 Reeiilue. 
Volume, 
per cent. 

Naphtha puritied spirit 

fiO-ttl 

15-17 

20-22 

„ from light oil 

so-:i3 

40 

* — 

Mixture of the two 

' 48-52 j 

22-20 

1 


The last stage in the rectification of light oil is always effected 
by steam, either by indirect heating or by direct injection into the 
liquid. The stills are always fitted with a partial condensation 
apparatus or a dephlegmator, so as to separate the products as com- 
pletely as possible. The steam should have a pressure of at least 
2^ atmospheres — a greater pressure is advisable. Moreover, in 
place of condensers or dephlegmators, several distillers use large 
capitals or rectifying columns like Egrot’s. By means of apparatus 
working on the principle so long applied to the rectification of 
alcohol, a far more perfect separation of the hydrocarbides is possible 
than by the older methods. As already pointed out, Mansfield, so 
far back as 1847, was the first to propose the use of apparatus bas^d 
on the principle of dephlegmation, but it was Coupler who was the 
first to introduce — in an imperfect form, it is true — this idea into 
actual practice, and thus to prepare on a large scale the different 
hydrocarbides in an almost pure state. Coupler showed, in the 
following graph, the amount of the chief products obtained by 



distilling 100 litres of benzol beginning to boil at 62'' C. and rising 
up to 150" C., that is to say, a 50 per cent benzol, according to the 
usual commercial term. The intermediate products in the sloped 
parts of the line of temperature are again fractionated separately. 
Thus, besides the forty-four parts of pure benzene and seventeen 
pai-ts of pure toluene, there are obtained {a) six parts of light 
spirits, composed in part of carbon disulphide, olefins, etc., which 
cannot be used, and which are generally added to the solvent 
naphtha ; (5) 6 per cent of a product intermediate between benzene 
and toluene, which is again rectified ; (c) about 27 per cent of the 
higher boiling-points, which formerly were not separated but mixed 
with the solvent naphtha, but which are now fi-actionally distilled 
so as to prepare commercially pure xylene. 
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TABLE V.— FRACTIONAL DISTILLATION OF YORKSHIRE AND WIGAN 
CRUDE NAPHTHAS. 


jj 


°c. 

A. 

■ 

A'. " 

B. 

B*. 

C. 

a. 

95 

“/o 

% : 


Vo 

. V. 

Vo 

— 

15 i 

— 

14 


15 

100 

11) 

39 

— 

3S 



40 

no 


75 

17 

1 73 

13 

' 74 . 

120 


80 

.HH I 

89 

120 

1 W 

130 

1 47 

— ' 

49 1 



47 



140 


_ ! 

58 1 


57 



150 

i ~ ' 

“ ! 

OtI j 

— 

08 



A = The test yields per cent of 500 Kit'Rons Yorksliive crude mphthn. 

A' = The dephlegmatov yields of lirst 250 gallons from A. 

BC — The test yields per cent of two lots of 500 gallons of Wigan crude 
naphtna. 

B' C' = The dephlegmator yields per cent of lirst 200 and tWO gallons 
respectively from B and C. 

Solvent Naphtha . — It will be seen that a fair average English 
Crude naphtha, yielding about 35 per cent at 120'" C., will give 50 
per cent or thereabouts of commercial 40 per cent benzene. The 
second portion collected from the distillation which contains non- 
nitrifiable hydrocarbides mixed with some toluene, xylene, cumene 
was generally sold as solvent naphtha, or was again subjected to 
fractional distillation, in order to recover some toluene and crude 
xylene. Solvent naphtha derives its name from its extensive use as 
a rubber solvent in the waterproofing industry. It is also used in 
the purification of crude anthracene, and is one of the best solvents 
for metallic rosinates, such as copper rosinate. It yields some H to 
30 per cent of distillate below 130“ C., and 90 per cent below 160“ C. 
The density of solvent naphtha should not be greater than 0'876. 
In composition it is complex and variable, but it consists essentially 
of isomeric xylenes and cumenes and a few per cents of naphthalene, 
an objectionable ingredient. At one time solvent naphtha included 
the whole fraction from the rectification of once-run naphtha, which 
distilled over after the benzols and below 160“ C., but when xylene by 
itself became an article of commerce the bulk of it was separated, and 
thus the solvent capacity of the solvent naphtha was deteriorated. 

The term 90 per cent benzol [D. (English) = 0*8B0 - 0*888, 
(Scottish) ^ 0 870 or under] is applied to a product of which. 90 
per cent by volume distils under 100“ C. Good samples do not 
commence to distil below 80“ C., and the percentage of distillate at 
85“ C. should not exceed 20 to 30 per cent, or greatly exceed 90 
per cent at 100“ C., and distillation should be complete under 120“ C. 
An abnormally large distillate, say 35 to 40 per cent at 85“ C., 
points to the presence of carbon disulphide or light hydrocarbides 
in undesirable proportions. The percentage proximate composition 
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of a good 90 per cent benzol may be taken as 70 per cent of benzene, 
24 per cent of toluene, and 4 to 6 per cent of carbon disulphide and 
light hydrocarbides. The actual amount of real benzene present 
may decrease to bO or increase to as much as 75 per cent. (Allen). 

The term 80 per cent b nnol (D = 0*875) is applied to a product 
30 per cent of which distils below 100^ C. and 60 per cent additional 
between 100" C. and PiO'" C. Its chief constituents are toluene 
(pp. 16-18), and xylene (p. 19). 

The term 60 per cent (50/90) benzol (D. English - 0'878 - 0‘8B0, 
Scottish, 0*867 - 0 872) is applied to a product 50 per cent by volume 
of which distils o\er below 100“ C. and 40 per cent additional under 
120° C. (making 00 per cent in all below 120° C.) and completely 
distilling under 180 C. This product contains little or no CSj,. 
The proportion of light hydrocarbons is small, but the toluene and 
xylene content is naturally much greater tlian in 90 per cent benzol. 

6u. llenzene [Chemically pure]. — Chemical formula (Ijinpirical), 
C,H,. 

Kekule’s constitutional formula: the benzenii ring enables us to 
show how benzene can bo regarded as formed from 8 molecules of 
acetylene 8(C1I = CH) => C6HG. Croup the 3 molecules of acety- 
lene so that the 6 atoms of carbon occupy the apices of a regular 
hexagon. Suppose one of the three links joining the two groups 
CH disappears and is replaced by a link between the two adjacent 
molecules of acetylene, and then we have what is called the benzene 
ring, thus ; - 


fl 

I 

C 

11- vf'" |C_H 

C 

1 

H 


HC CH 


lie CH 

H 


Throo inoliTulcrt of Hcmlcue one inolofiile of benzene. 


Molecular weiglU = 78*1, Density at 0° C. = 0*8991 Kopp; 
' 0*8957 Warren ; at 15° C. = 0*882 Warren ; 0*87907 at 20° C. From 
benzoic acid at O ' C, = 0*9002; at 15° C. = 0*8846; at 30° C. = 
0*8689; at 80 C. = 0*8133 Adrienz. From coal-tar = 0*9102 at 0° 
C. Adrienz ; 0*8850 at 15 C. Nichol. Index of refraction (density 

temp. 28° C.) = 1*49157. M.Pt., 5*5° C. B.Pt., 80*5° C. * 

Benzene was discovered in 1825 by Faraday (“ Philosophical 
Transactions, ’ 1825, p. 440). It is quite an illusion to describe 
benzol as having been first discovered in its present grand source, 
viz. coal-tar, as is very often done {vide article “Benzol” in 
Allen s “Organic Analysis,” Vol. II, Pt. II). Braude describes the 
•discovery of benzene as follows : — 
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“ When certain oils are passe<l throu^^h red-hot tubes, as in the 
process for making gas for the purpose of illumination, there is at 
the same time a vapour produced, which, by considerable pressure, 
arnl by eold, may be reduceil to a li(|uid state. Large quantities of 
this liquid were obtained at the Portable (xasw’orks by subjecting 
the gas produced by the decomijo-^ition of whale oil to a pressure of 
atmosoheres ; this occasioned the deposition of the fliiid. W’hich 
was drawn olY by a valve; it elTervcsced as it issued forth, and by 
the ditterence of refractive i)ower, a dense transparent vapour was 
seen at the same time descending through the air. This eft'er- 
vescence immediately ceased, and the li(]uid was readily retained in 
ordinary stoppered bottles. One thousand cubical feet of good gas 
yielded nearly one gallon of it.” It was from this fluid that laraday 
separated benxol by fractional distillation. 

Mitscherlich prepared benzem* in by dry distillation of 

calcium henioate and gave it its present empirical formula and also 
its name. Leigh claimed to be the, first to discover benzene in coal- 
tar, but .V. W.'jloirmann was the real discoverer of benzene in coal- 
tar, recognizing it decisively by its conversion into nitrobenzene and 
aniline in 1845. The method by which it could be extracted in large 
quantiti(*s from coal-tar was claliorated in llolVmaiin’s laboratory by 
Mansfield (British Patent No. 1 1,9()0. 11 November, 1847). Mans- 
field manufactured benzene on the large scale, and described very 
exactly the principles of dephlegmation by m(‘.ans of which the 
different hydrocarbides in coal-tar n iphtha cm be sepal ated fiom 
one another, and he show’ed decisively that alcohol rectihcition 
plant could be used for the purpose and even more advantageously 
than in the case of alcohol. This suggestion is everywhere ascribed 
in the special literature of the, subject to hj. Koj)]), which is untiue, 
because Kopp does not mention it until 18()() (Lunge). Mansfield 
profited by the property, previously observed by Faraday which 
benzene possesses, of crystallizing at 0 (/., to prepaie it absolutely 

^ isenzene can be heated in sealed tubes to 400' C. without 
alteration, but it is decomposed wlum passed through a porcelain 
tube heated to bright redness, yielding hydrogen, diphenyl, and 
other hydrocarbides. Distilled over metallic sodium, benzene under- 
goes no change. Caustic alkalis have no action on benzene. If 
benzene be heated at 100'’ C. with from four to five times its volume 
of concentrated sulphuric acid, it dissolves completely therein, with 
formation of benzene-sulphonic acid C,(Hr,HSO., , the liquid solution 
is colourless if pure benzene be used. Under the action of heat or 
of fuming sulphuric acid, benzene di-sulphonic acids are formed. 
Benzene is only slightly soluble in water, yet sufficiently so to 
impart its smell thereto. It is freely soluble m alcohol, ether, 
wood spirit, acetone, etc. It dissolves iodine, sulphur, phosphorus 
(warm), and hxed oils, fats, waxes, and resins readily. It is highly 
inflammable, and gives off equally inflammable vapours. It must 
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therefore be stored with care. When illuminating gas is passed 
through benzene its illuminating capacity is increased. Berthelot 
even attributed the illuminating capacity of Paris gas almost ex- 
clusively to the benzene it contains. Formerly the luminosity of coal 
gas was su]}posed to be due to substances belonging to the ethylenic 
series of hydrocarbides, olefins, or to the acetylenic series. 

If benzene be naturally present in certain petroleums, and is also 
one of the products of numerous reactions, and if it, moreover, be pro- 
duced by the dry distillation of numerous organic substances, yet in 
actual practice the benzene of commerce is elaborated from that frac- 
tion from coal-tar which distils under 100” C., generally designated as 
“light oils”. Pure benzene is prepared by agitating the light oils 
in question with (1) dilute sulphuric acid, (2) water, (3) milk of 
lime or caustic soda lye. The oil is next digested at 100” C. with 
concentrated sulphuric acid (5 gallons of acid per 100 gallons of oil) 
for several hours to eliminate thiophene and the hydrocarbides of 
the ethane and ethene series, repeating the treatment until the oil 
ceases to cede anything to the acid, a point indicated by the oil no 
longer darkening the acid. The purified oil is then separated, 
washed with water, and again distilled, the fraction distilling over 
below 90” C., being collected apart, and cooled by a freezing mix- 
ture for the benzene to crystallize out. The crystals are separ- 
ated from the hydrocarbides of lower melting-point by a vacuum 
filter. To prepare absolutely pure benzene the crystals are repeatedly 
re-melted, re-crystallized, and re-separated from the mother liquor, 
until the crystals exhibit the physical and chemical properties of 
chemically pure benzene. Its flash-point is 16° C. 

66. Toluene . — Chemical formula, ; boiling-point, 111° C. ; 

density, 0 8824 at 0° C., 0’8720 at 16° C. ; index of refraction, 20° C. 

(D ' 0'8656), 1*4911; molecular refraction, found, 52*20; 

(1 


— 1 

calculated, 52*3; molecular refraction, p- , — ; found, 30*79. 

(/r + 

Toluene (methyl benzene) was discovered in 1838 by Pelletier 
and Walter in the products of the condensation of rosin gas and was 
termed rosin-naphtha. Later Deville obtained it by the dry dis- 
tillation of balsam of tolu, hence its name which was given to it by 
Berzelius. Mansfield discovered it in coal-tar. It also exists in a 
great number of mineral oils. It is extracted from coal-tar in large 
quantities, and if desired could be obtained on the large scale in a 
fairly pure condition. It is’ used for numerous purposes, whether in 
the manufacture of colours or as a solvent. It is very difficult;* how- 
ever, to pr6i)are it in an absolutely pure state because it cannot be 
crystallized like benzene. Only one toluene can exist, and Berthelot 
and Rosenthiel have shown that all the toluenes from the most differ- 
ent sources are identical. Toluene is a colourless, mobile, refractiv'e * 
liquid. The odour of toluene differs slightly from that of benzene. 
It is, so to speak, insoluble in water, but it communicates its odour 
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thereto ; it mixes with aloohoh ether, and oarbon disulphide. It dis- 
solves phosphorus, sulphur, iodine, resins, and oils and fats. It burns 



Fig. 1.— Ykole'b Tolukhe Bkciifieb. 

A., body of still ; B, rectifying column ; D, analyser ; F, cooler ; £, pipe leading tin- 
condensed vapours from analyser to cooler ; H, pipe leading distillate to re- 
ceiving tanks ; J, pipe leading cold water to cooler ; K, to analyser. 

with a blight but very smoky flame. Passed through a red-hot tube 
it yields benzene, naphthalene, anthracene, phenanthrene. According 
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to Berthelot toluene possesses the property of rendering oxygen 
active ; when it is agitated in presenoa of air with |i lukewarm vei^ 
dilate solution of indigo the liquid is decolorized. Flash-^int, 16® C. 

Vedle's ToltLene Rectifier . — This consists of a wrought-iron double- 
cased still A, 6 feet deep by 6 feet wide, fitted with a perforated coil lor 
heating the content‘d when required by open steam. The still is 
surmounted by the dephlegmating column B, which is of similar con* 
struction to the benzene depblegmator. The vapours leaving the 
dephlegmator pass out by the pipe C and enter the condenser, or 
analyser D, which consists of a cylindrical or square copper cistern 
6 feet deep by 2 feet wide, in which is fixed a number of tubes 40 
inches long by 1 J inch in diameter. There are about sixty tubes in this 
analyser, and through them the condensing water passes whilst the 
hydrocarbide vapours fill the space around the tubes. The uncon- 
densed vapours pass out by the pipe E and enter the cooler F of 
similar construction to the analyser 1). The higher boiling hydro- 
carbides, which have been condensed in the analyser, run back 
through the pipe A into the rectifying column. The distillate runs 
from the cooler F, through the pipe H, into the receiving cisterns. 
The condensing water enters the cooler through the tap J, and is fed 
to the analyser by means of the tap K. The waste- water pipes ^may 
be easily recognized. 

When the still A is charged with the residues from the manu- 
facture of pure benzene it is first heated by means of the steam 
jacket, and finally wet steam is slowly admitted, the progress of the 
distillation being carefully regulated. When the distillate begins to 
run slowly, the water supply is slackened by means of the tap K until 
the water in the analyser D commences to boil. The distillate is 
collected in 8{3parate cisterns, or better in 100 gallon drums, which 
are numbered and sepamtely analysed. When the distillate begins 
to run slowly from the cooler F, while the water in the analyser is 
boiling, the tap </ is opened. The overflow of the water now runs 
away through the pipe connected with the tap f/, the space in the 
analyser above this being filled with steam. In regulating the taps 
g^, g*, each time the distillation begins to flag a mixture of toluene 
and xylene is distilling. At the end of the operation the tap K is 
completely shut and the analyser becomes filled with steam. The 
distillation of xylene then commences and the operation is concluded 
when no more comes over at 142° C. By analysing the contents of 
the drums the rectifier finds at once which contain pure toluene and 
pure xylene and which contain intermediate products. 

6c. Xylene. — The three dimethyl benzenes or xylenes, 
viz. : 

CHS CH3 . CH» 

O"’ OoH. 0 

CH‘‘ 

Orthoxjlene Metaxylene Faraxylene 
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occur in coal-tar. Jus.t as toluene is benzene in which one atom of 
hydrogen (H') is .replac^ by 'the radical methyl (CH^), so also xylene 
is benzene in which two atoms of hydrogen have been roplaced by 
methyl Molecular weight, 106 ; boiling-point, 136-140 C. ; flash- 
point, 30" C. 86" F. , . , , . 

Xylene is principally produced by fractional distillation of solvent 
naphtha, or of the higher boiling portion *of crude coal-tar naphtha, 
and with proper appliances there is no difficulty in obtaining it to distil 
within two degrees. It might be thought that a hydrocarbon boiling 
at its proper degree would be pure enough for all commercial pur- 
poses, and no doubt such is the case with benzene and toluene. It 
is, however, different with xylene, of which there are three modifica- 
tions known, and of these the meta- is the only one p^sessing 
technical value. No practical use for the ortho- and para- modifications 
have yet been found. 



Pk;. 2.— Duy Distillation or Kubiieb. Still and CoNi.KXBK.n. 


7 Cajeput OtJ— Sowree— Cajeput oil is the essentml oil distiuea 
with water from the leaves of the Malaleuea leucodendron. Colottr. 
—Its greenish colour is due to a smaU quantity of resinous matter. 
Sometimes oils which have been bleached by natural oxidation are 
artifidally coloured green by copper salts. Taste and Smell.— li has 
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a burning taste with a strong smell of camphor, turpentine, and savin 
Comjmition and Properties . — It may be separated by fractional dis 
tillation into two portions : two-thirds of the liquid, having a density 
of 0‘897, passes over betw'cen 175° C. and 178° C., and the remaining 
third, having a density of 0 920, between 178° C. and 250° C. Uses.— 
Its principal use in varnish-making is said to be as a solvent fo) 
Angola copal. It is also used to preserve entomological specimeni 
and in medicine. 

8. Cnoulohoncine.— This is a product of the dry distillation o 
india-rubber in a specially constructed still made of iron and built int< 
brickwork. A connecting pipe leads from the still-head to the worn 
in condenser C. The still has a closely fitting iron cover which ma] 
be raised or lowered at will by the overhanging chain and pulley, i. 
hole in the cover gives passage to a thermometer by which the tempera 
tureis regulated. The process is started by raising the still-head anc 
introducing a sufficiency of rubber cut into small pieces either bj 
itself or along with half of its weight of crude distillate from a previ 
ous charge. The still-head is then lowered and secured with nutt 
and lK)lt8 as shown and the fire lighted. As the thermometer ap- 
proaches fi00° a dark liquid comes over which condenses in th< 
worm and runs off the stop-cook D into a receiver. When the ther- 
mometer rises above 600° F. the fire is withdrawn. The crude dis- 
tillate may be separated by fractionation into three liquids o 
different l)oiling-[X)int8 and 8i)ecifio gravities, thus: — 

0 G7 boiling at W F. 

O’bU boiliiiK at 104'-' F. 

O-yi boiling at F. 

Caoutohoucine is not only an excellent solvent for rubber but als( 
for varnish resins, even copal being said to be easily soluble therein 

9. Carbon Disulphide . — Chemical formula, CS., ; molecular weight 
76 ; boiling-point, 46° C. ; density of vapour (air ^ 1), 2 '63 ; density 
of liquid, 1’292; melting-point, 116° G. ; flash-point, 20° C. ; indej 
of refraction of vapour (air as unity at 0°, vapour of gas at 12° C.) 
212 ; absolute, 1*000620. 

Carbon disulphide is prepared by heating in a furnace to bright red 
ness freshly glowed wood charcoal in large tubulated fire-clay retorts 
lumps of sulphur being run in from time to time. The necks of the 
retorts are adapted (air-tight) to large receivers which condense and 
intercept any uncombined sulphur. From the latter the carbon 
disulphide vapours pass through condensers. The crude product is 
very impure, containing sulphur, sulphuretted hydrogen and othei 
compounds, all of which combine' to impart to it an aboifiinabh 
smell, from which no amount of repeated distillation will free it. Il 
is purified by shaking it up with mercury and mercuric chloride and 
subsequent distillation. The mono-hydrated sulphates of both ooppei 
and iron are also used to purify it, and do so very effectively. 

When sulphide of carbon is left for twenty-four hours in contact 
with 4 per cent of its weight of finely powdered corrosive sublim- 
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TABLE VL— DENSITY OF SOLUTIONS OF SULPHUR OF VARIOUS 
STRENGTHS PER CENT IN CARBON DISULPHIDE. 


Denaity. 

Per 

ceut. 

Penalty. 

Per 

cent. 

PeiKsity. 

Per 

cent. 

Denaity. 

Per 

cent. 

Penaity. 

Per 

cent. 

1*271 

0 

1*296 

6*0 

1*321 

12*1 

1*346 

18*1 

1*371 

25-6 

1-272 

0-2 

1*207 

6*3 

1 * 3*22 

12*3 

1-347 

18*4 

1*872 

26*0 

1-273 

0*4 

1*208 

6-6 

1 * 3*23 

1*2 6 

1*348 

18*6 

1*873 

26-5 

1-274 

0*0 

1*290 

6*7 

1*324 

12*8 

1-340 

18*0 

1*374 

26-9 

1*275 

0*9 

1*300 

7*0 

1*325 

13*1 

1*350 

10*0 

1*375 

27-4 

1*276 

1*2 

1*301 

7-2 

1 * 3*26 

13*3 

1*351 

10*3 

1*876 

28-1 

1*277 

1*4 

1*302 

7*5 

13*27 

13*5 

13 . V 2 

10*6 

1*377 

‘ 28-5 

1*278 

1*6 

1*303 

7*8 

1 * 3*28 

13*8 

1*353 

10*0 

1*378 

20-0 

1*270 

1*0 

1*304 

8*0 

1*320 

14*0 

1*854 

20*1 

1*370 

20-7 

1*280 

2*1 

1*305 

8-2 

1*330 

14*2 

1*355 

20*4 

1*380 

30*2 

1*281 

2*4 

1*306 

8*5 

1*331 

14*5 

1*356 

20*6 

1*381 

80*8 

1*282 

2-6 

1*307 

8*7 

1*332 

1 14*7 

1*357 , 

21*0 

1*382 

31*4 

1-283 

2*0 

1*308 

8*0 

1*333 

15*0 

1*358 ! 

21 ** 2 * 

1*383 

31*0 

1*284 

3*1 

1*300 

0*2 

1-334 

! 15*2 

1*350 1 

21*5 

1-384 

32*6 

1*285 

3*4 

1*310 

0*4 

1*335 

! 15*4 

i * 3 (»() ; 

21*8 

1*385 

83*2 

1*286 

3*6 

1*311 

0-7 

1*336 

15*6 

1*361 

22*1 

1*386 

38*8 

1*287 

3-0 

1*312 

9*0 

1*337 

15*0 

1*362 ! 

‘ 22*3 

1*387 

34*5 

1*288 

4-1 

1*313 

10*2 

1*338 

16*1 

1*363 

22*7 

1*388 

86*2 

1*289 

4*4 

1*314 

10*4 

1*330 

16*4 

1*364 1 

23*0 

1*380 

36*1 

1*200 

4*6 

1*315 

10*6 

1*340 

16*6 

1 * 36)5 i 

23*2 

1*300 

36*7 

1*201 

4*8 

1*316 

10*0 

1*341 

16*0 

1*366 

23*6 

1*301 

37*2 

1*202 

5*0 

1*317 

U *1 

1 - 34*2 

17*1 

l * 3 i »7 

24*0 



1*203 

5*3 

1*318 

11*3 

1*343 

174 

1*368 ; 

24*3 

Saturated 

1*204 

5*6 

1*310 

11*6 

1*344 

17*6 

1*360 1 

24*8 



1*205 

5*8 

1*320 

11-8 

1*345 

17*0 

1*370 i 

25*1 




ate, care being taken to shake or stir up this mixture, the mercurial 
compound combines with the 8ul)8tance8 which are the cause of 
the foetid odour of this substance, and an insoluble compound 
is deposited. The liquid is carefully decanted, and, after 0*02 
of its weight of a pure inodorous fat has been added (no reason is 
given for this addition), the sulphide is re- distilled with care by the 
heat of a water-bath. The sulphide thus obtained exhibits an 
ethereal odour, and is eminently suitable for the extraction of oils, 
fats, etc., from various substances, since, on evaporation of the 
purified sulphide, these matters are obtained in as fresh and pure a 
state as if the oils had i^een obtained by pressure. 

Properties , — Carbon disulphide is a transparent, colourless, and 
highly volatile liquid of great refractive and dispersive power. Its 
taste is pungent and aromatic, and its smell when pure is similar to 
chloroform. Its density at 15° C. is 1*27, and it boils at A6’5° C. It 
burntf with a blue flame yielding sulphurous and carbonic anhydrides. 
Its vapour when mixed with air is explosive. The technical applica* 
tions of carbon disulphide are many and varied ; it is an excellent 
solvent for oils, fats, and resins, wax and paraffin, and for sulphur 
(see Table VI). In virtue of the latter property it is much used in the 
manufacture of vulcanized caoutchouc, i.e. india-rubl)er partly satur- 
ated with sulphur. It is extensively employed in the extraction of 
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oil from Beedfl, and of grease from wool. Carbon disulphide dissolves 
dammar and rosin well, but elemi, sandarach, and mastic with diffi- 
culty. It does not dissolve shellac or amber and merely causes copal 
to swell. 

But the use of carbon disulphide as a solvent for resins in varnish- 
making is greatly restricted by the fact that air containing a small 
quantity of the vapour has the same toxic effects as chloroform, 
producing insensibility. In large quantities it is poisonous. But 
some authorities ascribe the toxic effects of carbon disulphide to 
congestion of the brain caused by the intense cold produced by its 
evaporation. Moreover, there is the further risk of fire or explosion. 
Carbon disulphide is not miscible with water, and when agitated 
with iodine or bromine water it absorl)s the halogen and acquires a 
faint purple or brown-rod colour, as the case may be. The smell of 
carbon disulphide should not be repulsive nor fetid. It should give 
no dark turbidity with a solution of acetate of lead, nor be either 
acid or alkaline. Alcohol may be detected by the lower density and 
by the diminution in volume when the sample is shaken up with 
equal volumes of glycerine or water. Owing to its higher density 
and non-miscibility with water, it is possible to store it under water, 
which should always be done to avoid risk of fire or explosion. 

10. Carbon Tetrachloride , — Chemical formula, CClj; molecular 
weight, 153*8 ; boiling-point, 8*’ C. ; non-inflammable ; density, 
1*629; index of refraction, 1*45789. 

Carbon tetrachloride may bo prepared in the laboratory in 
various ways, but the best method is that of Kolbe. A mixture of 
chlorine and the vapour of carbon disulphide is passed through a 
porcelain tube filled with fragments of porcelain, and, at a high red 
heat, sulphur chloride and carbon disulphide are formed which pro- 
duce a deep reddish-yellow liquid condensable in a well-cooled 
receiver. The chlorine is best saturated with the vapour by merely 
passing it through a flask containing carbon disulphide, which is 
sufficiently volatile to be carried off in adequate quantity by the 
chlorine current. The flask should not be heated, as in that case the 
excess of the vapour is washed. The red liquid is loft for some time 
in contact with a strong solution of caustic potash and occasionally 
shaken, which absorbs the chloride of sulphur so that the carbon 
tetrachloride may be distilled off from the mixture. This heavy 
liquid solvent may also be prepared by the action of chlorine on 
oxdinary methylic chloride or on chloroform. Its vapour density is 
6*3 that of air. It is soluble in alcohol and ether but not in 'water. 

On the large scale, the manufacture of the tetrachloride is ctoied 
out by different methods, the starting-point of which is always carbon 
disulphide, on which chlorine is caus^ to react in either a direct or 
an indirect manner. Direct action only occurs at a high tempera- 
ture, or in presence of a contact body. Working indirectly, chlorine 
is made to react in the form of a compound, such as sulphur chloride, 
whether directly, or, better still, with a contact body. Cote has 
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elaborated a process by which carbon tetrachloride may be raanu- 
factured continuously in a closed vessel The contact substances 
employed are manganous chloride for the formation of sulphur- 
chloride and iron-sulphide for the reaction of sulphur-chloride on 
carbon disulphide. The plant consists of a column No. 1 filled with 
coke impregnated with manganese chloride. The carbon disulphide 
enters it by a small central tube, and reverses towards the top; 
the chlorine enters from below. Sulphur chloride is formed in this 
column, and also carbon tetrachloride. The mixture flows into another 
column No. 2 filled with coke impregnated with iron sulphide. There 
it meets a current of carbon disulphide from the bottom of No. 2 . 
Carbon tetrachloride is formed, mixed with a little sulphur chloride, 
and holding sulphur in solution. The mixture is passed to a third 
column No. 3 filled with metallic iron and heated to 120*' C. The 
liquids carbon tetrachloride and sulphur chloride ai'e instantaneously 
vapourized and pass to the rectifier ; the sulphur which was dissolved 
melts and runs into a furnace heated electrically and in which carbon 
disulphide is produced. The rectified tetrachloride from the rectifier 
passes to the purifier, where it is distilled in the presence of water 
to remove the last traces of sulphur chloride. It flows afterwards 
after cooling into the coil K. The carbon disulphide produced in the 
furnace returns to the bottom of the column and recommences the 
cycle. The electric heating in the furnace was adopted because it 
allowed the heat to be better utilized, and because the manufacture 
appeals particularly to the electrolytic soda industries, enabling them 
to utilize, in an interesting form, part of the chlorine which they pro- 
duce. 

The special advantages of carbon tetrachloride over carbon disul- 
phide, benzine, petroleum spirit, as a solvent are ( 1 ) its uninflarama- 
bility ; ( 2 ) its low latent heat of vaj^rization, hence fuel economy 
where it is used as an oil, fat, or resin extractor ; (3) its ready con- 
densation, consequently less loss in its industrial use ; (4) its great 
solvent power. This solvent, as is well known, quickly corrodes 
iron, and therefore all the vessels, coils, tanks, and fittings must be 
lined with lead, or, preferably, tin. But lead lining is costly and 
tinning doubles the cost of the apparatus. 

The corrosion of metallic vessels by carbon tetrachorido has been 
the subject of numerous investigations. This corrosion is more in 
evidence in the presence of water. The best vessels to use in de- 
scending order are : galvanized wrought-iron, copper, cast-iron, tinned- 
iron, brass, sheet-iron. Galvanized-iron may Ije used for the inside 
of th^ vessels, the piping of copper and lead, and the taps and valves 
of bronze. 

11 . Chlorofonn. — CHCI 3 ; molecular weight, 118*5 ; boiling-point, 
61® C., 141*75 ; density, 1*503 ; vapour density, 4*19 ; index of refrac- 
tion, a[D), 1*4490. Chloroform is made by distilling a mixture of 
alcohol and bleaching powder and rectifying the distillate. It is 
very volatile even at ordinary temperatores, producing by rapid 
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evaporation great cold, but leaving neither a residue nor a film of 
moisture, nor 'any unpleasant odour when wholly evaporated by the 
warmth of the hand by waving it to and fro in a porcelain basin. Ten 
parts of chloroform dissolve in 7 of rectified spirit, 1 in li of ether, 
and 1 in 200 of water. It burns only with a wick ; the vapour 
is toxic, hut not explosive. It is miscible in all proportions with 
absolute alcohol, ether, benzol, carbon disulphide, and essential 
and fatty oils, and is an extensive solvent for resins, acting on 
vulcanite, and dissolving caoutchouc, gutta-percha, paraffin, cam- 
phor, mastic, elemi, tolu, benzoin, and copal — amber, sandaraoh and 
lac are only partially soluble. 

12. Other Chlorine Derivatives . — The following series of solvents, 
hitherto unavailal)le for technical purposes, are now on the market as 
fulfilling tlie above conditions. They are all chlorine derivatives of 
ethane or ethylene, prepared from electro-chemical acetylene and 
chlorine, the fundamental material being acetylene tetrachloride 
(symmetrical tetrachlorethano). They are arranged below in the 
order of their boiling-points, the densities being also added : — 

T.\BLE VII.— BOnjNG-POINT AND DENSITY OF CIILOUINE DERIVA- 
TIVES USED .\S SOIiVENTS. 




IMlfng- 

.Specific 

Ethyk*ru! (lichloridt* (nj’ni.) 

CaHjCIa 

point. 

r>n c. 

Gravity. 

125 

Ethylene trichloride 

CjHCL 

88 C. 

1'47 

Ethylene yerohloride 

c.,ch ■' 

121 C. 

1-C2 

Tctmchlorethane (nym.) . 

CgHaCb 

147 C. 

1-60 

I'entaohloi'ethHne . 

CjHCL 

1511 C. 

1'70 

(Hexachlorethane) . 

C.,C1„ 

aolid 



Hexachlorethane sublimes at 185 C., it has a smell resembling 
camphor, and is suitable as a camphor or naphthalene substitute, 
etc. The relatively high volatility of this substance enables it to 
act energetically, without the smell being so troublesome as 
that of camphor or naphthalene. It is claimed for the above 
liquids that they iue all very stable and inert solvents, and the 
wide range of boiling-points they present renders them suitable for a 
large number of purposes. Being all uninflammable they preclude 
the risk of explosion in use. The three ethylene derivatives have, 
it is claimed, practically no action on iron, copper, lead, or zinc even 
in presence of moisture, nor do they react on acids or alkalis, fats or 
oils, either alone or in presence of metals. From a technical stand- 
point their behaviour toward wrought-iron is particularly important, 
the extent of the corrosion being extremely minute (ratio about 
0*002 : 7*6 as compared with pure carbon tetrachloride). They also 
attack lead to a smaller extent than the solvent last named. 

The most suitable as an extractive agent is ethylene trichloride, 
which boils at very near the same temperature as benzene, and is very 
little dearer, bulk for bulk, than om-bon tetrachloride. When used 
in wrought-iron vessels it extracts fats so as to yield a product equal 
to that extracted with benzol. It is perfectly inodorous, and can be 
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readily distilled, without residue, by the aid of steam, so that the loss 
in working is very small. The heat of evaporation is about 16 86 
cal. per lb., or one-tenth that of water. At indoor temperature 
its solubility in water is about that of carbon tetrachloride ; and it 
presents the additional advantage of being perfectly innocuous to 
health, there being no narcotic action such as is exhibited in a high 
degree by chloroform and carlx)n tetrachloride. The dichloride and 
perchloride of ethylene resemble the trichloride in their solvent 
power, the first-named forming a useful substitute for ether. 

Tetrachlorethane also has a high solvent lustion on fats, oils, and 
resins, and it may be used instead of chloroform for dissolving cellu- 
lose acetate in the manufacture of artificial silk. As a solvent for 
sulphur it has no equal, and it is miscible with this substance in all 
proportions at temperatures above about ISO*" C., redepositirig the 
whole of the dissolved sulphur, with the exception of about 1 per 
cent, in a finely crystalline state on ro-cooling to ordinary tempera- 
ture. Pentachlorethane has similar properties, and is used for dis- 
solving the varnish resins as well as for the extraction of fats. Both 
these solvents will also dissolve chlorine without undergoing any 
change, the tetrachloride taking up about thirty times its own volume 
of the gas, on which account it is useful in chlorination processes. 

Tetrachlorethane and pentachlorethane, though attacking wrought- 
iron in the presence of moisture, are, it is claimed, inert toward cast- 
iron ; but they react on alkalis, with liberation of hydrochloric acid. 

Care should be taken in the use of all chlorine derivatives as 
they are all more or less aenesthetic. Varnishes made from them 
should ‘be made and applied in a well-ventilated atmosphere. 

13. Dw/f/or/iydmw;.— CH,C70H(OH) CH;,C7 ; density, 1-37. 

Preparation . — Glycerine is mixed with fifteen times its w'eight of 

fuming hydrochloric acid, and the mixture heated, for eight hours, to 
100'’ C. To extract the dichlorhydrine formed, the product is agitated 
with carbonarte of soda and etb‘ 6 r. After evaporating the ethereal 
solution the residue is distilled, collecting what distils alK)ut 228” C. 
This distillate is treated with lime and ether. Dichlorhydrine is 
obtained after evaporation of the ether. Dichlorhydrine has the 
appearance of an oil, has an ethereal odour and boils at 178” C. 
Caustic potash separates potassium chloride from it even in the cold. 
Heated for a long time with an excess of hydrochloric acid diohlor- 
hydrine is converted into epichlorhydrine. 

14. Epichlorhydrine. — C 3 H 5 CIO ; density, 1'194 (at 11 ” C.). 

Preparation . — This substance was discovered by Berthelot. A 

mixture. of 5 volumes of glycerine (properly dried) with 1 volume of 
glacial acetic acid is saturated with hydrochloric acid gas, after which 
it is distilled, collecting what passes between 180” and 220 ” C. It is a 
mixture of dichlorhydrine and aceto-dichlorhydrine, which is converted 
into dichlorhydrine and acetate by the action of caustic potash. To 
500 c.c. of this mixture a tepid concentrated solution of 350 
grammes of caustic potash is added, stirring and allowing to cool 
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TABLE Vni— SHOWING SOLVENT ACTION OF EPIOHLORHYDRINE 
AND DICHLORHYDRINE ON THE DIFFERENT VAR^^IBH RESINS 
AND THE NATURE OF THE COAT OF VARNISH PRODUCED. 


Revhi. 

Epichlorhydrine. 

Dlfhlorbydrine, 

Elemi 

Freely and completely solu- 
ble, both in the cold and in the 
hot, forming yellow to greenish 
solutions which leave a bright 
tacky coat on evaporation. 

Freely and, completely solu- 
ble. The solution turns brown 
when warmed. 

MaHtio 

Fieely and completely solu- 
ble in the cold or in the hot. 
Solution pale yellow, leaving a 
liistrouB, colourless coat on 
evapo'ation. 

Not so freely soluble. The 
solution turns brown on warm- 
iuR. 

Dammar . 

Imperfectly soluble, more 
readily i o in the warm. The 
bright yellow filtrate gives a 
hard, solid, bright coat of var- 
nish. 

Dissolves fairly freely to a 
brown solution in the cold. 
When wamied’ colour changes 
to deep brown-violet. 

Courharil Copal 

Imperfectly soluble in the 
cold, almost entirely so in the 
vvarni, to a bright yellow var- 
nish. 

Perfectly soluble in the cold 
to a yellow solution which , 
turns brown when warmed. 

DiaKOu’H Rlood 

Readily soluble, except a 
brown residue. The solution 
is blood-red, but gives a bright 
layer of varnish. 

Imperfectly and less readily 
soluble ; solution yellowish-red 
in colour. 

Sandamoh 

Imperfecdy soluble in the 
cold or hot. Solution, pale 
yellow, 

D ssohes perfectly in the 
cold to a brownish - yellow 
solution, becoming deep brown 

1 when warmed. 

llleaohed Shellau 

Sparing soluble, impmfectly 
so even in the warm. 

, Readily and perfectly solu- 
j ble in the warm. Solution 
; yellowish. Does not turn 
j brown. Dries very slowly. 

Zanzibar Copal 

Partially soluble in the cold, 
freely in the hot. Solution 
pale yel ow and gives a hard, 
bright coat. * 

1 Partially soluble in the hot, 

: to a brownish solution, turn- 
ing dark brown when heated. 

Angola Copal . 

Partially soluble in the cold, 
more readily in the hot. The 

More readily soluble ; solu- 
tion turns brown when 


faint yellow solution gives a 
hard coat of varnish. 

warmed. 

Manila Copal . 

Partially soluble in the cold, 
the insoluble poi'tion swelling 
up to a gelatinous mass al- 
most completely soluble in the 
warm ; gives a yellow solution 
and hard coat of varnish. 

The gi eater part soluble in^ 
the cold. The brownish-yellow 
solution turns brown when 
warmed. 

Kauri 

Partially soluble in the cold 
(the remainder swelling up). 
Perfectly soluble in the hot. 

Almost perfectly soluble to 
i brownish-yellow solution which 
turns brown when warmed. 

Amber 

Partially and very slowly 
soluble; solutioii yellow. 

Sparingly soluble. The i 
lumps of amber turn brown 
when heated. 

Asphalinm 

Very sparingly soluble cold 
or hot. 

Very sparingly soluble cold 
or hot. 
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after ea^o^ ad^tiofi. After an hour or two the oily layer which 
floats on, the surface is decanted and distilled, collecting what passes 
below 165° C. The product is purified by fractional distillatioU, 
collecting what passes about 120° G. Epichlorhydrino is formed, in 
this resection, at the expense of the dichlorhydrine, from which the 
potash removes the elements* of hydrochloric acid. 

Epichlorhydrine is especially suitable for the production of very 
hard negative varnishes, which will permit of retouching. Dichlor- 
hydrine, on the other hand, gives a brown coat of varnish, and not a 
colourless one like epichlorhydrine. This is true with all resins 
except bleached shellac. For this dichlorhydrine is a better solvent 
than epichlorhydrine. Neither dissolves asphaltum well. 

Valenta recommends especially quick-drying copal varnishes 
made with epichlorhydrine, which gives a hard, colourless coat, and 
take retouching excellently. He gives the two following recipes for 
such varnishes ; — 

(a) Dissolve 20 grammes of Manila copal in 70 grammes of 
epichlorhydrine on the water-bath. On solution add 100 o.o. of 
absolute alcohol and filter. This varnish can be diluted at will with . 
a mixture of one part epichlorhydrine and five of alcohol, and can he 
used either on warm or cold plates. 

(b) Pale .\ngola copal is digested in small pieces with four or five 
times its weight of epichlorhydrine on the water-bath. After half 
an hour double the volume with absolute alcohol, and complete 
solution will take place ; then filter. Dilute, if required, with alcohol 

These varnishes give very hard, brilliant coats, which stand damp 
very well. 



CHAPTER IV. 


HOLVKNTS {('OXT I M’KD)— ALCOHOL, ETHEM, AND 
ETHEUEAIi SALTS. 

15. Ethylic Alcohol^ Common Alcohol. — On the water type a mole- 
cule of water II.^O in which IH is replaced by ethyl, thus, C.^Hj^HO ; 
molecular weight, 46 ; density at 0’ C. - *8002 ; solidification-point, 
-- 130° C. ; boiling-point, 78‘4*' C. ; solubility in water and ether, oo ; 

index of vefi-action at 15° C. 0*7975 1*3628 ; at 10° C, ^f/^-0*8095^, 

1 ‘36363 ; at 20 C. 0*7910^ 1*35960 ; molecular refraction, 

found, 20*73 ; calculated, 20*6 ; molecular refraction, p 

^(/i” + 2)d 

found, 12*71 ; calculated, 12*78. 

Ethylic alcohol is the principal spirit obtained from fermented 
liquors, such as wine, beetroot juice, fermented grain-worts, etc,, by 
distillation. The term principal spirit is used advisedly, as will be 
seen in the sequel. Ordinary unrectified grain spirit is a highly impure 
product indeed, and our excise laws do not admit of continuous 
working to produce a pure product at all approaching the chemically 
pure alcohol available on the Continent. Our distillers are State-aided 
to work intermittently and State-aided to continue to work with 
obsolete plant. The user of such spirit is not considered. For a good 
many years the distilling plant employed, more especially on the 
Continent, has been so perfected that by a single distillation an 
alcohol of 95 per cent strength fi*ee from fusel oil (amylic alcohol), 
aldehydes, acids, etc., may be obtained. Alcohol being more volatile 
than water, when a mixture of the two is distilled in a pot still by the 
intermittent system, the alcohol comes over first, mixed with a 
certain quantity of water. When these vapours are condensed just 
as they are given ofif by the liquid subjected to distillation a spirituous 
liquor is collected, the strength of which depends upon how far the 
distillation process has been caiTied. The longer the duratibn of 
distillation, the weaker the spirit. In any case, the alcohol is too 
weak for industrial use. Redistilled in a rectifying still only the 
middle runnings are at all anything like approaching purity. 

But, if instead of condensing the vapours per decensum we cause 
them to ascend into a series of receivers arranged the one above the 
other, or into a column (Fig. 1) containing receptacles at different 
• ( 28 ) 
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heights to receive the condensed liquid, it is clear that the vapour of 
water will condense first and nearest to the still A in which the w'orts, 
etc., are being heated, and to which this condensed liquid is constantly 
being returned, whilst the alcoholic vapours, on the other hand, will rise 
and ascend farther and farther away from the source of heat towards 
the cooler portions of the column where the more readily condensable 
vapour of water cannot follow them. Finally the alcoholic vapours 
are themselves condensed in the cooled condenser F most distant from 
the still. But those portions which condense first are more dilute 
and impure than the portions which condense farther away. Only 
this latter portion is collected after purification for sale, the more 
watery portions charged with last running impurities flow back into 
the heated parts of the column where they are again deprived of their 
more volatile constituents. The alcohol in the foreshot of the pot 
still and intermittent stills, generally abounds in aldehydes and 
ethers and the last runnings in fusel oil. In the continuous rectifica- 
tion distillation columns there is (1 j a continuous feed of raw spirit 
running into the still, and continuous separate elimination, each from 
its appropriate condenser of (a) ethers and aldehydes, (/>) pure alcohol, 
(c) fusel oil, and (d) water. But for particulars regarding continuous 
distillation plant and further particulars on the distillation and 
rectification of alcohol generally, see McIntosh's “ Industrial Alcohol 
(Scott, Greenwood t"!: Son). 

Absolute Alcohol is prepared by rectifying the alcohol of com- 
merce by substances which take up water. Quick-lime is the sub- 
stance most generally used. The alcohol is digested with a large 
quantity of quick-lime in a flask for two days. The latter is then 
connected with a Liebig’s condenser and the alcohol is distilled olf. 
The quick-lime does not appear to slake much. The first and last 
portions are rejected because, even when working with almost absolute 
alcohol, the former contains a large proportion of water ; whilst, on 
the other hand, owing to the high temperature the last portion is 
apt to contain water extracted from the calcium hydrate by the 
absolute alcohol. These two portions being collected apart the re- 
mainder is absolute alcohol ; potassium permanganate does not redden 
it but imparts a faint brown tint. 

Instead of directly distilling the alcohol through a Liebig’s con- 
denser, the flask may be attached to a vertical reflux condenser, and 
boiled on the water-bath for an hour, when the condenser is changed 
to the ordinary position and the alcohol distilled off as before ; in this 
case the lime, some lumps of which should originally have projected 
above the surface of the liquid, is completely disintegrated. Giro 
must be taken not to use too much alcohol, as the heat generated by 
the slaking of the lime may cause such sudden and violent ebullition 
as to project a mixture of alcohol and lime through the condenser. 

Where the alcohol originally contained more than 5 per cent of 
water, a single rectification is not enough, and less quick-lime must 
be us^, otherwise the flask may be broken by the heat developed in 
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slaking. Better results are obtained by digestion with, and distilla- 
tion over, caustic baryta, made by decomposing the nitrate. 

Metallic sodium has been used to remove the last traces of 
water. A small piece is dissolved in the alcohol, and the whole 
distilled at a steam heat. The sodium forms ethylate of sodium with 
disengagement of hydrogen, whilst the traces of water which the 
alcohol contains decompose the ethylate with the formation of caustic 
soda and alcohol. 

j o + H,0 NaHO + EtHO 

Sodic Water - CaiiHtic Alcohol 
Ethylate Soda 

But, according to Mendelejeff, when either sotlium or sodium 
amalgam is used to dehydrate alcohol, traces of sodium or sodium 
and mercury are found in the distillate. Potassium carbonate has 
been used, but it is too weak a dehydrating agent. 

A very pure absolute alcohol is obtained on the large scale by 
simple filtration through quick-lime. Any convenient apparatus may 
be used, such as an inverted two-gallon tin can, the bottom being 
removed and a lid tightly fitted in its place, the cylindrical part of 
the can being lined inside with a cylindrical perforated vessel, in the 
centre of which a tube is fixed. The can acts as a jacket. The 
inner vessel is filled with quick-lime and as much alcohol as it will 
hold. The central tube communicates with the interior of the jacket. 
The inverted neck of the can is fitted with a stop-cock for running 
off the dehydnited alcohol after being left in contact for fourteen 
days. 

In the manufacture of absolute alcohol as conducted by Squibb by 
very 8lo>\’, cold percolations through large successive portions of 
quick-lime, it not infrequently comes from the rectifying still of a 
specific gravity below that of the lowest tables and of the best and 
most recent authorities, and the entire product of the process for years 
has been of such strength that all the hydrometers tried have sunk 
below the reading scale. A U.S.A. Government inspector pro- 
nounced the alcohol to be 102 per cent strong. Another inspector 
made it 99 8 per cent, but he could not possibly have done this with 
his official instruments because his hydrometer would sink below the 
reading scale. Quite recent experiments seem to show^ that this 
exceptionally low gravity is due to etherification of the alcohol by 
the lime. Some further interesting particulars on the preparation 
of absolute alcohol are given in “Industrial Alcohol” by d. G. 
McIntosh, pp. 13, 14 (Scott, Greenwood & Son). The eflfect of the 
dilution of alcohol on the vapour tension of the varnish is to lower 
it and thus diminish speed of evaporation pro rata. 

Properties . — Alcohol is a colourless mobile neutral liquid, possess- 
ing an agreeable spirituous odour, burning with a blue flame and 
without smoke. Its density according to Kopp is — 
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Deg. C. 

0® 0-8005 

15-5® 0-7a89 

20-0® 0-7U30 

Under the Dormal atmospheric pressure, alcohol boils at 78'4‘* G. 
It mixes in every proportion with water. The mixture takes place 
with disengagement of heat, and there is a contraction after cooling. 
The maximum of contraction takes place when 52'8 volumes of 
alcohol are mixed with 47 ‘7 volumes of water. The result only 
measures 96‘3o instead of 100. Alcohol exposed to the air attracts 
moisture ; it also abstracts moisture from organic substances. Placed 
in contact with certain salts containing water of crystallization it de- 
hydrates them. 

Alcohol is miscible in all proportions witli most liquid bodies, 
with the exception of the fatty oils which it only dissolves in very 
limited proportion — castor oil and croton oil excepted, both of which 
it freely dissolves. In fact, next to water, it is the most extensive 
and important solvent. Its solvent action on resins, balsams, 
camphor, etc., is well known. 

Adulteraiiom . — Water may be detected l)y adding anhydrous 
sulphate of copper, which changes from greyish-white to blue in dilute 
alcohol. Also by permanganate of potash, which under like circum- 
stances turns red. But these reactions fail to detect minute traces. 

Slight traces may be detected by adding a small amount of the 
alcohol to be tested to a saturated solution in absolute alcohol of 
liquid paraffin. Small traces of water turn the liquid turbid at once 
(Crismer). 

Permanganate test for foreign organic impurities in general : Ten 
c.c. of the absolute alcohol to be tested ; 1 c.c. of water and 1 c.c, 
of permanganate solution give a red liquid which should not turn 
yellow before twenty minutes have expired. Cazeneuve takes chem- 
ically pure alcohol of 93 per cent and potassium permanganate 
solution of 1 in 1000. Ten c.c. of the pure alcohol require five 
min'ites at the ordinary temperature to give a rather yellowish -pink 
colour with 1 c.c. of the permanganate solution, thus showing that 
the reduction is not quite complete. If an alcohol of 93 per cent 
shows a quicker reduction, this points without doubt to impurities. 
But it is urged against the permanganate test that it shows not only 
the presence of fusel oils but of every trace of organic matter ab- 
sorbed from the barrels, bunges, and chives, and such impurities are 
unavoidably present in all alcohols. A slight reduction, therefore, it 
is pleaded, should not cause rejection. Inferior spirits show a short 
permanganate test, the better the spirits the longer before the per- 
manganate is reduced. 

FurfnroL — Add to 10 c.c. of the alcohol 10 drops of aniline oil 
and 2 or 3 drops of hydrochloric acid. If furfurol be present a 
more or less pinkish-red colour is produced. 

Amylio alcohol— Fusel oil may be detected by agitating 5 c.c. of the 
alcohol to be tested with 6 c.c. of water and 15 to 20 drops of 
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chloroform. The ohloroformic solution is decanted and evaporated 
leaving the fusel oil; about 0*05 per cent may be detected in this 
manner. The presence of a large amount of fusel oil in commercial 
spirits of wine can also be detected by the turbidity formed on dilution 
with water. If on dilution with a large quantity of water drops separ- 
ate out, acrolein should l)e tested for by adding an equal amount of 
concentrated sulphuric acid and caustic potash solution. If acrolein 
be present it is recognized by its smell. If 3 drops of concen- 
trated hydrochloric and 10 drops of aniline oil give a fine raspberry 
eolour, amyl alcohol is present. 

Free Acid in Alcohol . — The spirit varnish-maker does not give 
this important question the attention it deserves, nay, he even intro- 
duces oxalic acid to accentuate the evil effects of free acid and thus 
adds fuel to the fire. In fact the unrectified spirits furnished by 
the ordinary distilling columns are far from being a mixture of 
water and pure alcohol. Amongst the substances which deteriorate 
them the following may be mentioned : Propylic, butylic, isoamylic, 
and hexylic alcohols, the aldehydes of ethylic and homologous alcohols, 
acetone, glycols, acrolein, furfurol. The acids produced by the oxida- 
tion of these different alcohols, or from the reduction of pre-existing 
acids, pelargonic acid, etc. The ethers (esters or ethereal salts) pro- 
duced by all the possible combinations of all these alcohols with the 
aldehydes, essential oils, etc. Is it a matter of wonder there- 
fore when varnish is made from such crude acid charged alcohol that it 
should corrode the metal of the tinned vessel in which it is packed, 
attacking first the solder and then by a kind of catalytic action the tin 
itself ? The lead in the solder thus forms a lead acetate which gives a 
violet “ laccate ” with an alcoholic solution of shellac. Now the func- 
tion of the oxalic acid added by the spirit varnish-maker is to form 
lead oxalate from the violet lead laccate and so set free the colouring 
matter from the lead in a bleached condition. But the varnish- 
maker always uses far too much oxalic acid, and his spirit varnish instead 
of being a protective agent becomes a corrosive one when applied on 

metals. According to Schweissinger, 0*4 c.c. soda solution was 

required to neutralize the free acid in a good alcohol. But good 
alcohol should not turn blue litmus red. The varnish-maker should 
insist on being supplied with perfectly neutral alcohol (see p. 33). 
This free acid and other impurities in ordinary alcohol are fruitful causes 
of blooming and countless other defects in varnishes. It is manifestly 
absurd to cry out for pure alcohol free from wood spirit, etc., and 
mineral oil only to rest satisfied with an impure gmin spirit saturated 
with fusel oil, and nearly if not quite as impure as the ordinary wood 
spirit itself. The above list of impurities tells its own tale. But it 
will suffice perhaps to call attention to it for varnish-makers no 
longer to rest satisfied wdth whatever grade of spirit the distiller 
chooses to send them, too often a ihixture of first and last runnings. 
Too often the only tests applied by spirit varnish-makers are the sight 
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and the smell ; if the alcohol be fairly clear and does not smell outrage- 
ously it is passed for use, and far too often with highly detrimental 
results. The following is the analysis of an alcohol rectified at the 
rate of 176 gallons per hour (!) in Barbets’ continuous distillation 
rectification still : — 

Acids — NiL CJolour — Transparent like water. 

Aldehydes— Nil. Odour— Fine. 

Savalle’s test — Colourless. Taste — Pure. 

Were a specification {mmed on lines similar to the above by our 
excise and insisted on for all industrial alcohol receiving State aid, 
the policy would be more sound than now, when the production of 
an impure, grain, or molasses alcohol is fostered by extraordinary 
grants, which if our fiscal policy was on continental lines as regards 
potable alcohol need never have been instituted. 

The above analysis proves that the continental user of alcohol 
has a perfectly pure spirit available. The result of the recent 
departmental committee was merely to restrict the amount of ira- , 
purities in the denaturant. There has been no improvement in the 
spirit itself. No wonder that British varnish-makers can match spirit 
varnishes in their depots abroad with foreign pure alcohol, but not 
with the alcohol to be got at home. Even in countries where the 
manufacturing processes are under the rigid chemical control of the 
fiscal authorities, as in Switzerland, where alcohol is a Government 
monopoly, the alcohol contains free acid ; of 1070 analyses the maxi- 
mum of soda solution used was 3 2 c.c. and the minimum 0*6 c.c. 

How much worse must be the industrial alcohol produced in Great 
Britain where there is no chemical control whatever. Our excise 
only trouble themselves to see that the wood spirit for methylation 
is sufficiently nauseous. It seems, however, scarcely too much to ask 
that at least the “ pure ” alcohol supplied for industrial purposes 
should' be tested by the excise as to whether it is chemically pure or not. 

16. Ether (Sulphuric Ether, Ethyl Ether).— Chemical formula, 
(C. 2 Hfi )^0 (looking at it, as built upon the water type, it may be re- 
gard^ as water H 2 O in which the two atoms of hydrogen in the water 
have been replaced by two of ethyl) ; molecular weight, 74 ; boiling- 
point, 86 ° C. (95° R, blood heat) ; freezing-point, - 117° C. ; flash-point, 

- 20° C. ; solubility in water, 1 in 12 ; in alcohol, in all proportions ; index 

of refraction at 15° C. 0'713)f 1*3573 Kundt; 1*3564 Gladstone. 

Ether is made by distilling a mixture of sulphuric acid and 
alcohdl. The alcohol is continuously fed into hot sulphuric acid. In 
the first reaction sulphovinic acid and water are first formed, thus : — 
G 2 H 5 HO "H H 2 SO 4 = O 2 H 5 H 8 O 4 H 2 O. 

Then the fresh alcohol acts on the sulphovinic to form ether and 
sulphuric acid. The process is thus continuous; — 

O2H5HSO4 + C2H5HO - (C,H 6)*0 + H2SO4. 

3 
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A detailed illustrated description of the manufacture of ether is given 
in McIntosh's “ Industrial Alcohol 

Ether is the beau ideal of an all-round volatile solvent. Jt 
evaporates very readily and can be easily and rapidly distilled from 
a hot water-bath, leaving a residue free from any odour or ^ coloration 
due to the solvent whatsoever. Its vapour mixed with air is highly 
explosive^ and being very diffusible will run 12 feet from its source 
to a dame. This drawback restricts its use except for photographic 
varnishes. 



Fio. S. — Ai>i»au.vti'h Fon Puki vuation of Ethek. 

Refcort Btand suppovtiiij^ tiank containing mixture of alcohol and sulplunic acid 
fitted with a aeparatiuK funnel dipping into flask and continuously feeding it 
with alcohol and with Liebig’s condenser leading to receiver. 


17. Ethyl Acetate , — Chemical formula, 0^11^0^, (built on type 
of potassium acetate K 2 C...H.P.., the potassium (K) being replaced by 
ethyl C.jH J ; molecular weight, SH’l ; density at 0° - 0 924 ; boils 
at 7715 ; solubility in water, 9 per cent ; index of refraction, u for 
Hg (density of sample tested at 20'" C. 0’9007), - 1 '37068 ; mole- 
1 

cular refraction, p ^ ; found, 36*22 ; calculated, 36*6 ; molecular 


refraction, 22'14 ; calculated, 22*16. 

Ethyl acetate (acetic ether), discovered in 1759 by the Count de 
Lauraguais, is met with, already formed, in wine or in wine vinegar. 
It is used technically as a solvent in making smokeless powder in 
celluloid manufacture and in collodion and celluloid varnish manu- 
facture where it replaces amyl acetate. It is prepared by the action of 
acetic acid on alcohol, but, as etherification by an organic acid is accom- 
plished slowly and incompletely, it is preferred to manufacture ethyl 
acetate by the intervention of a mineral acid, like sulphuric acid, which 
is made to react on the acetate of soda and the alcohol. Many 
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different recipes have, however, been given, amongst others those in the 
following table. Small quantities of snlphurio acid and alcohol, previ- 


TABLE IX.— FORMULAE USED IN MAKING ACETIC ETHER. 
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ously mixed, are run into a retort heated by steam and containing 
crystallized sodium acetate ; heat is then applied, the liquid distils, 
and, after passing through a condenser, is collected in a receiver. 
The distilled product is then agitated with twice its volume of water 
rendered slightly alkaline ; it is then allowed to settle, and the ethyl 
acetate floating on the top decanted and digested over calcium chloride 
before being rectified. The chloride of calcium being soluble in this 
acetic ether, bumping occurs in the still to such an extent as to 
render the operation a dillicult one. It is therefore preferable, as 
indicated by Jierthelot, to wash the crude product with a weak 
alkaline solution, then, after rectification, to agitato it with a satu- 
rated solution of common salt, dry over carbonate of potash, and 
finally rectify afresh. The wash waters, containing dissolved acetic 
other and alcohol which has escaped the reaction, are fractionally 
distilled ; the liquid, containing the acetic ether and the alcohol, is 
collected and used in a fresh operation. Ethyl acetate, the boiling- 
point of which is 74‘' C. (1()5’2'’ F.), is a colourless, very mobile 
liquid, lighter than water ; it has a very pleasant ethereal odour, is 
slightly soluble in water (1 in 7), and the solution is decomposed by 
potash with formation orf potassium acetate and alcohol. Ethyl 
acetate is very soluble in alcohol and ether. When it is perfectly 
dry it may be preserved indefinitely without decomposition, whilst, 
when it is moist, it gradually decomposes, regenerating alcohol and 
acetic acid. 

Acetic ether is intermediate in danger between absolute alcohol 
and sulphuric ether. It is not quite so dangerous as ordinary ether. 
Hence it replaces the latter when the risk is too great. It burns 
with a. yellowish flame and generation of acetic acid. 

18. Ethyl Nitrate . — Chemical formula, C^Hj^ONO.^ = C.^H^NOg ; 
it may be compared to nitric acid HNO^, or potassium nitrate KNO^, 
in which one atom of hydrogen (H) or potassium (K) is replaced by 
the organic radical, ethyl C.jH^ ; molecular weight, 91*1 ; boiling-point, 
87*2. It has an agreeable fruity odour. Its density is 1*123 at 15® C. 
When dropped on to a hot surface it sometimes explodes. It is 
soluble in water and mixes with all proportions in alcohol and ether. 
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It is prepared with precautions from its elements (nitric acid and 
alcohol) by distilling with the addition of a little urea. The crude 
distillate is shaken with water in a separating funnel (Fig. 28, Vol. I), 
the heavy oil dried with calcium chloride and distilled from a water- 
bath. It could be used in varnish-making as a solvent for Manila 
copal. But its use in this state is not to be recommended as it con- 
tains a large quantity of oxygen in unstable chemical equilibrium. 
Varnishes in which this substance has been used as a solvent are 
therefore liable to explode violently when suddenly heated. The 
substance itself explodes at 80' C. (170" F.). 

19. Ethyl Nitrite (Nitrous Ether, when mixed with alcohol the 
sweet spirits of nitre of pharmacy). — Chemical formula, C.2H5NO.2 ; 
molecular weight, 751 ; density, 0 900 at 15" C. ; boiling-point, 17° C. 
Nitrous ether is generally prepared in the laboratory by slowly drop- 
ping concentrated sulphuric acid, 3 fluid oz., into a cold mixture of 
alcohol, 20 fluid oz. , and 2 fluid oz. of concentrated sulphuric acid, 
then adding 4 oz. by weight of copper turnings and distilling from a 
water- bath. The crude distillate consists of a mixture of ethyl 
nitrite, unchanged alcohol, and its products of oxidation. To prepare 
the pure ether the distillate is shaken with water, the supernatant oil 
di'ied over calcium chloride and redistilled. Sweet spirits of nitre takes 
its name from its fruity odour. Ethyl nitrite is insoluble in water 
and is easily hydrolized by dilute alkalis or even by boiling water. 

C,H,;NO., + KOH - C,H,;OH + KNO^ 

Ethylic rotaKKium Rthylio PotaHsic 
Nitrite Hydrate* Hydrate Nitrite 

(Alcohol) 

75 561 46 85 1 


1311 1311 


Nitrous other is extremely volatile. At summer heat it is apt, on 
removal of the stopper of a bottle containing it, to evaporate very 
rapidly, and even to enter into spontaneous ebullition. It might 
possibly be used to increase the volatility of alcohol varnishes. But 
it explodes spontaneously at 90" C. (194" F.) during storage in contact 
with fat or organic matter and is a great source of danger in varnish 
works. 

20. Methyl Alcohol — Chemical formula, CH3HO ; molecular weight 
= 32 ; fluid, boiling-point, 66"-67" C. ; melting-point, - 95° C. ; density 
at 0° C., 0'789 ; flash-point, 32° F. ; index of refraction : (1) (density of 

sample at 15° = 0-802), 1-3308 H«; (2) (density of sample ^ atS0°C., 


w — 1 

0*7953) = 1*32789; molecular refraction, — ; 

j ‘ . n“ — 1 

calculated, 13*0; molecular refraction, 
calculated, 8*22. 


determined, 13*19 ; 
; determined, 8*16 ; 
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The crude wood vinegar obtained in the distillation of wood con- 
tains about 1 per cent of wood spirit. It was in this liquor that 
methyl alcohol was first discovered by P. Taylor in 1812. The crude 
vinegar is again distilled, and the first tenth which passes over is 
collected apart. This is neutralized and repeatedly rectified with 
quick-lirne, and the clear liquid, separated from the oil which floats 
on the surface and from the sediment, is treated with a small quantity 
of sulphuric acid which fixes ammonia and precipitates tarry matters, 
and is again distilled over quick-lime. The wood spirit of commerce 
‘ is rarely pure. When mixed with water it generally turns milky, 
and an oily layer forms on the top consisting of different bodies in- 
soluble in alcohol. The insoluble portion being separated, and the 
clear aqueous liquid distilled, methyl alcohol passes over first and is 
rectified over quick-lime. These processes are long and tedious, and 
only give imperfect results. When wood spirit is mixed with a 
fourth of its volume of olive oil, the latter combines with the im- 
purities, and a comparatively pure methyl alcohol is obtained. A surer 
process is to distil the wood spirit with oxalic or citric acid so as to 
obtain a crystallizable ether (methyl oxalic ether). The latter is de- 
composed by distilling with water (after a previous purification by 
expression between folds of filter paper). The wood spirit thus 
obtained is rectified over quick-lime. 

When pure, methyl alcohol is a colourless mobile liquid, possess- 
ing a spirituous odour. The empyreuraatic odour of the wo^ spirit 
of commerce is due to impurities. Its density at 0' C. is 0 8142. 
It boils at 66*5° C. under the ordinary atmospheric pressure. How- 
ever, its boiling-point varies between rather wide limits (60“-65°), 
according to the nature of the sides of the distilling vessel. Methyl 
alcohol is inflammable and burns with a non-luminous flame, and 
hence may be burnt in a spirit lamp. It mixes in all proportions 
with water, alcohol, and ether, and dissolves certain resins and fatty 
and volatile oils : its deportment in this respect being similar to 
ordinary ethylic alcohol, although its solvent action on gum resins is 
often different. Thus some resins are insoluble in ordinary alcohol, 
and also in wood spirit, but a mixture of certain proportions of these 
two dissolves the resin, but it often happens that an excess of either 
of the alcohols precipitates the resin from solution. 

21. Methyl Nitrate (CHyNOa). — This ether of methyl alcohol is 
extensively used in the manufacture of methylaniline. It is prepared 
by introducing one part of nitrate of potash into a retort, and running 
on to/ it a mixture of two parts of sulphuric acid and one of methyl 
alcohol ; the reaction occurs spontaneously without the aid of heat. 
A liquid distils which is led into a refrigerating condenser. The oily 
portion is afterwards washed with water, then rectified on the water- 
bath over a mixture of massicot ( PbO) and chloride of calcium, col- 
lecting that which passes at 66^ C. (150'4'’ F.). Methyl nitrate is 
colourless, with a faint ethereal odour; its density is 1*18 (36® Tw.) 
at 22® C. (71*8® F.). It boils at 66® C. (160*4® F.) and burns with a 
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yellow flame. Very slightly soluble in water, it dissolves, in all pro- 
portions, in alcohol and in wood spirit. Heated to 100° C. (212° F.) 
with aniline, methyl nitrate is converted into methylaniline-nitrate, 
which, treated with caustic soda lye, yields methylaniline, which is 
distilled so as to render it fit for the manufacture of methyl-rosaniline 
colours. This is a far too dangerous solvent to use in varnish-making 
as suggested, as the liquid explodes on precussion or by a blow. Its 
vapour explodes at 366° F. (180° C.). 



CHAPTER V. 

SOLVENTS (COTOLl/M/))— NAPHTHALENE, PETROLEUM SPIRIT, ETC. 


22. Naphthalene . — Chemical formula, C„)H„ ; molecular weight, 
128*1 ; melting-point, 79°-80‘’ C. ; boiling-point, 218*2® C. ; density, 
1*145, 4°C. ; index of refraction (at 98“, 4® C. D. - 0*962), 1*57466 
(CH^*). 

Naphthalene was discovered by Garden in 1820 and was ex- 
amined a few years afterwards by Tjaurent. It is produced by the 
action of heat on numerous organic bodies, but only at very high 
temperatures, so that tars produced at a low temperature do not 
contain it at all. In the pure state naphthalene forms white crystal- 
line masses or thin rhomboidal lamellao. It melts at 79® C. The 
figures given for its boiling-point vary from 212® to 220® C. Naphtha- 
lene volatilizes much below its boiling-point, and consequently it can 
be distilled just as well in an atmosphere of steam as in that of the 
vapours of light coal-tar oil. That is the reason why it is present 
with the latter in crude coal-tar oils. But at the ordinary tempera- 
ture it volatilizes slowly, exhaling a penetrating odour of coal-tar 
which adheres a long time to the clothes and keeps off moths and other 
insects. The researches of Erlenmeyer and Graebe have completely 
elucidated the composition of naphthalene, and it is now generally 
admitted to be formed by the amalgamation of benzene nuclei having 
two atoms of carbon common to each. (See benzene ring, p. 14.) 

CH CH 

c^Y^h 
I >1 I 

CH C CH 




CH OH 


A large proportion of naphthalene may be obtained by simply 
allowing the heavy oil to stand till quite cold, separating the crude 
naphthalene (the purification of which is rather difficult) by filtration, 
centrifuging, or by pressure. The first pressing can be carried out 
in filter presses, the second in a hydraulic press. The purification 
may be carried a stage further by crystallizing the naphthalene from 
alcohol, and then subliming it, but this process is generally too costly. 
The crystallized naphthalene is generally washed with an acid or 
by an alkaline lye, but the acid treatment is preferable. According 
to Wohl, sulphuric acid of 45° B. should be used ; however, this adid 
does not act in a sufficiently energetic manner, and it would be better 
to use acid of 60° B. at least. Sulphuric acid of 66° B. would act still 

(39) 
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better ; however, the latter at the temperature at which the reaction 
takes place dissolves a very appreciable amount of naphthalene which 
diminishes the yield but produces an excellent product. After wash- 
ing with acid the naphthalene is washed with weak soda lye so as to 
eliminate all acid, after which it is distilled. The naphthalene is not 
yet always quite pure, however, because it reddens in the air, after a 
greater or less length of time. To ascertain whether or not the 
naphthalene remains white in air and light, it is tested with sul- 
phuric and nitric acid. Dissolved in slightly concentrated boiling 
sulphuric acid, naphthalene should only assume a weak violet or pale 
rose colour. To test with nitric acid, fuming nitric acid is poured 
into the bottom of a dessicator, and the samples of naphthalene are 
placed above it on watch glasses, and the whole covered. If they 
remain colourless for one and a half hours, or, better, for two hours, 
they are good, then the naphthalene purified chemically is distilled. 
It is more profitable to distil naphthalene than to sublime it, because 
larger quantities can be treated at a time, and afterwards, because it 
can be fractionated more exactly. It is essential, as in the case of 
tar, that the water in the vat around the worm should always be 
kept at 80° C. When naphthalene is distilled, there passes at the 
same time as the naphthalene a little water and traces of a light oil. 
When the thermometer in the vapour rises to 210° 0. the still is 
“ out ” and the receiver changed, and that which passes at 230° C. 
and on occasion up to 235° C. collected as pure naphthalene. Dis- 
tillation is then stopped and the residue added to the heavy oil. 

23. Petrolejim Spirit and its Gongemrs . — The following products 
(Table X) are recovered from crude petroleum. The first five products 
are used as solvents. On the experimental and analytical scale in 
the laboratory the process is conducted as follows : — 

TABLE X.— VARNISH SOLVENTS AND OTHER PRODUCTS RECOVERED 
FROM CRUDE PETROLEUM WITH THEIR DENSITY AND BOILING- 
POINTS. 






i 

Density, 

Bulls Uetweon “ C. 

1. Petrolevi n ether (rhifiolene) . . | 

O-G.*', — 0-1 6 

40®— 70®^ 

Used as 

3. QaBO‘«ne 

0-66 — 0-60 

70®— 90® 

substitutes 

3. Benzine eleaning spirit . . . i 

O-GO — 0-70 

90®— IIG® 

for turps 

4. Ligroin 

0-70 — 0-73 

110®— 1-^0® 

and to thin or 

5. Spirit tor varnish .... 

,0-73 — 0-76 

120® — 170° 

adulterate 

6 ,. burninK .... 

7. Burning oil 

8. Lubricating oil ... . 

9. Paraffin, soft, M-elting-pt. 38-.52^ C. 

10. „ hard, melting- pt. 52-66® C. 

0-76 — 0-80 

170® — 245® 

• it. ; 

0-80 — 0-83 
0-83 — 0-87 
0-87 — 0-88 

245® — 310® 
310® — 350® 
H.-iO® — 390® 


0-88 — 0-93 

390° — 430® 



Fraotionatioti of Crvde Petroleum Oil . — Wischin estimates the 
petroleum spirit, etc., in a crude oil as follows. The distillation 
is conducted in a cast-iron still (Fig. 4) capable of distilling two 
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UtreB of crude oiL Two thermometerB are used, one t to indicate, 
the temperature of the oil and the other f the temperature of the 
Tapour, and the oil is distilled into twenty equal fractions. 

With a heavy mineral oil superheated steam can be used. A is the 
cast-iron stiU fitted with a wrought-iron still-head made tight by the 
screws 8 and asbestos packing. The two thermometers 
into the still, one of which dips into the oil and the bulb of the other 
is just opposite the vapour exit. When superheated steam is used 
it is led i^ the still through 8. When the still is charg^, cleaned, 
and closed, distillation is commenced and kept up so that the distil- 
late issues as a uniform unbroken thin stream. Practice teaches how 



P’lo. 4 . — Casi-iuon Still for Fbactionaixv Dibtilliso Crude Petroleum. 
A, still ; M, stand ; P, support ; S, screws ; K, condenser. 


to obtain a continuous flow instead of drops. Durinf^ the distillation 
the temperature of the fluid and the vapour at each fraction is noted. 
The whole distillate is divided into twenty equal parts collected in 


100 c.c. flasks. 


Petroleum 

Ether 


{ CyniOKeiie 
RhiKolene 
Gasolene 


SpeciHc Oravity. 
•5!I0 

'62*) to *631 
to 


23a. Gasolene , — The crude naphtha from American or Russian pet- 
roleum, or that yielded by the distillation of Scotch bituminous shale, 
contains a very light, highly volatile, ethereal oil, with an unpleasant 
but highly characteristic smeU, called “ gasolene,” distilling below 
100° C.; with a density varying from 0’6 to 0'7. Its principal use in 
varnisR-making is as a quick evaporating vehicle or thinner for anti- 
fouling composition. But its use is attended with great risk and 
varnishes or paints into which it enters should be stored and used 
with most extreme caution, as careless handling may bring about a 
terrific explosion. It should never be stored in the hold of a ship, 
and should only be applied to ships in open air in dry dock far re- 
moved from a flame, as the vapour, forming an explosive mixture 
with air, may run towards the flame and thus cause an explosion. 
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Composition. —Gasolene is a highly complex mixture of hydro- 
carbides, from which the following lower members of the seriea 
CnHaii + a have been isolated, viz. normal pentane boiling 

at 4- 38“ C., and isopentane boiling at + 30“ C., and normal 

hexane boiling at + 71" 0., an isomeric hexane as well as 

normal heptane, boiling at 98“ C. It should be stored in drums 
placed in a watertight wooden receptacle underground or in under- 
ground tanks. When in use the drums should be immersed in 
cold water. 

236. Peirolev/m Spirit^ Mineral Turpentine^ Mineral Naphtha, 
Shale Naphtha . — These are not so volatile, and distil over after the 
gasolene. Their density is *700 to '760, and they boil between 120“ and 
170“ C. American mineral naphtha may be differentiated from the 
Russian variety by its almost incomplete solubility in acetone, im- 
parting thereto only a slightly yellowish or bluish tint. On the other 
hand, Russian mineral naphtha dissolves to a slight extent in that 
reagent. In applying this test the mineral naphtha ought to be 
neutral, which may be ascertained by treating it with cuprous oxide,, 
which, in contact with acids, forms a copper soap soluble in the 
naphtha with a green coloration. Such naphthas have often a 
strong odour of noxious sulphuretted compounds, due perhaps to im- 
perfect rectification ; they may be deodorized by dehydrated green 
vitriol BO as to smell more pleasant. 

Petroleum spirit is a colourless liquid, with a powerful odour of 
petroleum and a strong blue fluorescence. It consists very largely of 
members of the paraffin series of hydrocarbons, with small quantities 
of naphthenes (American consists principally of paraffins, Russian of 
naphthenes), and members of the benzene series. According to Allen, 
oymogene consists largely of the gaseous hydrocarbon butane C4H1Q, 
rhigolene of pentane and isopentane and gasolene of hexane 

CflHi4, and isohexano. Petroleum ether consists principally of the 
'hydrocarbons hexane heptane and octane CyHig, while- 

burning oil is mostly composed of the hydrocarbons C.Hig to Ci2ll2(}. 
Dr. Sydney Young has separated and examined a number of paraffine 
and benzene hydrocarbons from petroleum spirit. Petroleum spirit 
is now largely used as a motive power in automobiles under the 
vague name of “ petrol 



PABT II. 

OLEO-RESINOUS PINE PRODUCTS-TERPENES-CAMPHORS. 
CHAPTER VI. 

THE OLEO-RESINIFEROUS CONIFERS — CANADA BALSAM — OREGON 
BALSAM— STRASBURG TURPENTINE— VENICE TURPENTINE. 

The Oleo-resiniferoiis Conifers. — The following is a list of the 
chief members of the pine family, the numerous species of which 
afford valuable timber, and resinous products. 

(a) European Oleo-resiniferous Pines — 1. Pinu.^ Sylvestris. The 
hardiest and most valuable of all the pines ; its timber furnishes the 
red and yellow deal of the carpenters. Its resinous products — tar, 
pitch, and turpentine — are very valuable. It grows to the height of 
80 or 90 feet ; found on the mountains of Scotland and Northern 
Europe. It is abundant in Scandinavia, Siberia, and North America. 
Yields Russian turpentine. 

2. Larix Europea — sometimes termed Pinus Larix — (the common 
larch). Next to the Scotch fir this is the most valuable of the tribe. 
Its timber is heavy, tough, and compact. Its average height is 
about 45 feet. It is a native of the mountains of middle Europe, 
widely diffused over Russia and Siberia, whore it is the most common 
of all trees. It is extensively cultivated in lingland and Scotland on 
barren and exposed land. Yields Venice turpentine. 

3. Abies Excelsa or Pinus Picea or Pinus Abies (sometimes called 
Norway spruce). This noble tree rises in a straight stem from 160 
to 200 feet in height. Its timber is known as the white fir or deal. 
Grows in the countries of Northern Europe, and is found throughout 
Siberia to 70*" North latitude. Yields Burgundy pitch. 

4. Pinus Pinea (the stone pine). The timber of this tree is used 
in shipbuilding. A native of Southern Europe and the Levant. 

6. Pinus Pinaster or Pinus Maritima (the cluster pine). This 
noble species affords a great quantity of resin and tar, but its timber 
is light, soft, and coarse. Inhabits the barren plains of France and 
Southern Europe, especially in coast districts, to prevent encroachment 
of sand, dunes. Crooked stem. Yields French turpentine., 

6. Pinus Corsica or Pinm Larioio. This tree grows very fast 
and yields excellent timber. Grows in the mountains of Corsica, 
Spain, Greece, and Turkey. Yields Austrian turpentine. 

7. Pinus Canariensis (Canary pine). Timber resinous and dur- 
able. It is peculiar to the mountainous districts of the Canary 
Islands, and principally to Tenerifife. 

8. Abies Pectinata (the silver fir) yields Strasburg turpentine. 

(43) 
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(b) Asiatio Oleo-resiniferom Pines (pp. 63-6). — Asia also furnishes 
various species of pines, e.g. P. Halepensis (the Aleppo Pine), 
P, Gembra; P. Sibirica, P. Neoza, P. Deodara, P. Excelsa, P. Longifolia, 
P. Merkusii, P. Khasya, P. Gerardiana (Wall), P. Orientalis, 
P. Sinensis, etc., etc. 

(c) North Atnerican Oleo-resiniferous Pines. — Pioea Balsamea 
attains to the height of 50 feet, and yields the resin Canada balsam. 
It is found in the cold regions about Great Slave Lake, and the 
Alleghany Mountains. The tree is valueless for timber, being culti- 
vated for the turpentine which it yields. The resin collects in small 
bags on the exterior surface of the bark, and is ready for collection 
during June, July, and August, each tree furnishing about 1 lb. of 
resin (see pp. 45-9). 

Abies Alba yields timber of a large size, but not so resinous as 
the Norway spruce. Its bark is used for tanning. Abundant in 
Nova Scotia and Canada. 

Abies liubea attains the height of 30 feet. Grows in N6va Scotia, 
Newfoundland, and the shores of the Hudson Bay. 

Abies Canadensis, a noble tree of slow growth, attaining a height 
of 80 feet. Its timber is not good, but its bark is valuable for 
tanning. Extends from Alleghany Mountains to lat. 50” N. It is 
very abundant in Nova Scotia, New Brunswick, near Quebec, and in 
Vermont. Yields Canada balsam (pp. 45-9) (Syn. Hemlock Spruce)i 

Pinus Uesinosa Sol. : Pinus Btibra Michaux [The Douglas Spruce] 
(pitch pine or red pine of the Canadians), remarkable for its great 
height (80 to 100 feet), and its smooth red bark, and yields a great 
quantity of fragrant resin. Found in Canada and the Northern 
regions of America. It grows in close forests. Yields* Oregon 
baisaip. 

Pmns Strobus (white or Weymouth pine). This is the largest 
species to the East of the Hooky Mountains, being found to attain to a 
height of 200 feet. Timber valuable for ships' masts. Grows in 
Canada and the United States, about Lake Champlain, on Fundy 
Bay, etc. 

Pinus Riyida (the pitch pine). Timber cross-grained, and of 
inferior quality, yielding abundance of tar. Found in the greater 
part of the United States on poor soils. The term pitch pine is 
applied in Britain to wood of P. Palustris (pp. 60 et seq,), v. infra. 

Pinus Ponderosa (bull pine). Timber heavy and durable, but 
coarse. Found in North-West America. The essential oil is said to 
contain heptane! (Thorpe, Schorlemmer), (see p. 68). 

Pmus ‘Australis : Pinus Palustris (longleaf pine). Timber light, 
clean, and durable ; used for masts of ships, and yields abundance 
of tar. Found in the middle countries of North America. Pine 
wastes North Carolina to Texas. Exploited for oleo-resin ; the pitch 
pine of British carpenters (see pp. 60-63). 

Pinus Taeda the loblolly pine), (sometimes called the frankin- 
cense pine), attains a height of 80 feet. Timber soft and not durable. 
The tree yields abundance of fragrant turpentine. Grows in the 



CANADA BALSAM. 


45 


barrens of Florida and Virginia. Contributes its contingent to 
American turpentine. Confused with P. Palustris. 

DETAILED DESCRIPTION OF INDIVIDUAL OLEO-RE8INS. 

1. Canada '' Balsam" : Botanical Source: — Abies Canadensis, u. 
Miller, and allied species. Fluckiger, Wiesner, Sayre, and others 
give only Abies balsamea, Marchall (Pinus balsamea, L.), or only .-1. 
Canadense, Mich, as the sole producing tree. Pinus Fraserii, Pursh, 
is, however, recognized as a source of Canada balsam. But in any 
case all the species are closely allied. Geographical Origin . — The oleo- 
resin is collected in the Lorenz Mountains of the Province of Quebec 
in Canada. The Pinus balsamea frequents bleak mountainous tracts, 
is about 35 feet in height with a diameter of 8 inches, is worthless for 
timber, and is only valued for its oleo-resin. It would also appear 
to be collected in the northern part of the Alleghany Mountains from 
Pinus {Abies) Fraserii and Abies Canailensis. — Physiology and Morpho- 
logy . — The secretion vessels of the balsam hr, like those of Abies 
pcotinata, the silver fir (pp. 49 et seg?), etc., are located in the bark ; they 
are long and segregate into a tumour-shaped vesicle but not by lysigen- 
ous swelling. That of the young branches is not yet visible. 

Method of CoUecthuj the Oleo-Iic.Hm , — This is a very trying task, 
and is only undertaken in the Province of Quebec by the very poor, 
viz. the Red Indians. In the month of Juno the “ balsam " collectors 
with their families betake themselves to the mountains, where they 
encamp, with little baggage, for about two months in the open air. 
The women remain in the camp and see to the filtering or straining 
of the ‘‘balsam”. In Lower Canada the “ balsam ” is collected by 
means of small tin cans, fitted with a spout with a sharp lip, which 
they drive into the tree through the bottom of the vesicle. The sharp 
spout not only fixes the can but conveys the balsam which drains 
into it into the can. The father with his young children taps the 
vesicles in the tree which he knows are full of balsam in the manner 
indicated. When the can is full it is emptied. A full-grown tree rich 
in oleo-resin only yields 8 oz. of oleo-resin. A man with the help of 
two children can collect a gallon daily, but by himself alone only half a 
gallon. The collector cannot work in rainy weather as water renders 
the balsam milky and unsaleable. The women carry the balsam in 
canisters of five gallons each into the village, where they sell the 
balsam, and with the money buy food to bring back with them. At- 
the end. of August, when the snow begins to fall on the mountains, 
and the weather is so cold that the oleo-resin ceases to flow, the col- 
lectors return to the village. A tree can be tapped for two years, but 
it must then be let rest for two to three years, but the after-yield is 
always smaller. Montreal and Quebec export together about 20 tons 
yearly. 

General Appearance and Properties . — The oleo-resin when fresh ia 
a viscous, straw-coloured fluid with a faint greenish play of colour. 



ind a feeble fluorescence. The aroma is characteristic and strong 
[)ut not unpleasant, and the taste is bitter. Its density is O' 998 at 
58® F. It is completely soluble in ether, amyl alcohol, benzol, chloro- 
'orm, spirits of turpentine, carbon tetrachloride, carbon disulphide, 
ioluol ; in ethylic alcohol, methylic alcohol, acetone, acetic acid, acetic 
3ther, and petroleum ether it only dissolves partially, leaving a white 
residue. In the air a film of Canada balsam dries to a clear trans- 
parent varnish which in nowise exhibits a crystalline appearance. 

Chemical Composition of Canada Balsam . — Canada balsam was 
5rst analysed in 1825 by Bonastre and later on by Fluckiger. Their 
results are given in parallel columns in the following table : — 

TABLE XL- SHOWING THE CHEMICAL COMPOSITION OF CANADA 
BALSAM ACCORDING TO BONASTRE (1.) AND FLUCKIGER (IL). 


Essential oil . 




I. 

Per rent. 
18-6 

II. 

Per cent. 
24-0 

Resin soluble in alcohol . 




. 40-(F 

50 -H 

Resin difticultly soluble . 




3;i-4 

16-22 

Elastic resin 




4-0 



Fjxtractive and shUs 




4-0 

— 





100-0 

100-0 


The index of refraction of Canada balsam is 1'532. The essential oil 
jf Canada balsam is levo-rotatory - 6*7'’ to - 7'2'’. The balsam itself 
is dextro-rotatory -f 2°. The bitter principle dissolves in water when 
the balsam is warmed therewith. It gives precipitates with iron 
shloride, lead acetate, and tannic acid, but is not, however, a glykoside. 

Physical Properties of Canada Balsam . — This oleo-resin is 
iifferentiated from all other turpentine oleo-resins by its great capacity 
[or refracting light, which is so groat that a potato starch granule em- 
bedded in a layer of the balsam remains clearly visible, whilst in the 
bleo-resin from any other conifer it is not clearly seen or almost com- 
pletely disappears. 

Six samples of this oleo-resin, according to the essential oil cor- 
respondent of “ The Oil and Colour Trades Journal,” yielded the follow- 
ing figures : — 

TABLE XII.-ACID AND SArONIFICATION VALUES OF CANADA BALSAM. 



Acid Value s 

Saponifloation Value.-* 


Add Value. 

Saponiticatiou Value. 

1 

106-4 

116-2 

4 

97-5 

112-1 

2 

98-0 

107-8 

5 

86-8 

105-3 . 

3 

98-0 

112-0 

6 

87-5 

106-3 . 


^ Dieterioh gives this figure as 46 per cent. Needless to say, his figures total to 
L06. Tsohiisoh gives the same figure as Dieterich. 

''' Insoluble in alcohol but readily soluble in ether. Fluckiger found both acids 
‘eddened litmus, but could obtain no crystalline substance from either. 

> Number of milligrammes of KHO to saponify free acid in 1 gramme of resin. 
* Number of milligrammes of KHO to completely saponify 1 gramme of resin. 
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Eremel found the acid value by the direct method, one gramme 

N 

in alcohol titrated with potash ~ 83*0 and 81 3 F. Dietz found 
the following figures : — 

TABLE XIII.-ACID ESTER AND SAPONIFICATION VALUE OF CANADA 

BALSAM. 



I. 

11 . 

III. 

Acid value, direct . 

84*H!) 

«5-93 

84-40 

Ester value 

4-54 

9-83 

9-00 

Saponification value 

89-43 

95-76 

93-40 


E. Dieterich found acid value, direct, 84‘0-86 8. 

Tschirsch resolved Canada balsam by the methods described in 
the sequel and the data thereby obtained into 

TABLE XIV.— SHOWING THE COMPOSITION OF CANADA BALSAM 
(ACCORDING TO TSCHIRSCH). 


Canadinic acid . 



Per cent. 
13-14 
0-3 

CanadoUc acid . 



a-Canadinolic acid \ 
/3-Canadinolic acid ( * 



48-60 

EsHential oil 



23-24 

Canado resene . 



7-0 

Mixture of resene and essential oil 


6-0 


Tschirsch gives the following constants : Acid value, direct, 82*18- 
86*10; indirect, 84*56-85*09. Saponification value, cold (twenty-four 
hours), 94*24 ; (forty-eight hours), 93*24 ; (seventy-two hours), 93*35 ; 
(eight days), 93*36. Saponification value, hot (one hour), 101*24 ; (two 
hours), 197*7 ; (four hours), 197*48. On dry distillation succinic acid, 
of melting-point 184*5° C., was obtained in addition to formic and 
acetic acids. Ammonium carbonate extracted 13-14 per cent which 
could not be crystallized from any solvent, but from which lead 
acetate precipitated an acid — Canadinic acid — soluble in all solvents 
with the exception of water and petroleum ether ; melting-point, 135°- 
136° C. Its solution reacts acid and has no action on polarized light. 
On analysis it gave : Found mean of three analyses : C = 77*33 ; 
H = 11*95. Calculated for : C - 77*55 ; H = 11*56. For 

C20H38O2: C = 77*42; H = 12*26. Acid value, direct, 191 *8. Saponi- 
fication value, cold, 191*7 ; hot, 191*8. There is thus no difference 
between the acid value and the saponification value. Canadinic acid 
behaves like larocinolic acid (pp. 56-7), abietolic acid, and abietinic acid 
(pp. 50-1). Titration shows canadinic acid to be monobasic ; 13*5 per 
cent K was required to form the potassium salt. requires* 

for formation of the potassium salt C^gHggKO.^, 13 *26 K. One per cent 
soda extracted 50 per cent of an acid mixture which gave a saponi- 
fication value and which was separated into two parts by lead 
acetate. Without lead acetate an amorphous acid falls out; the 
crystalline canadolio acid melting at 143-145° C., falls after the greater 
part of the uncrystallizable acid has settled out. It forms crys*^ 
tals like abietinic acid soluble in all solvents and in petroleum 



48 


THE MANUPAOTUBB OP VABNISHBS. 


ether. Analysis gave : Found mean of three analyses : 0 « 79’22 ; 
H - 974. Calculated for C - 79*16 ; H =» 9*72. For 

: C = 79*47 ; H « 9*93. A molecular weight estimation 
gave mean of six analyses =» 299. Calculated for CigH2g02 » 288. 
Acid value, direct, 191*8. Saponification value, cold, 247*8; hot, 
328*3. 

Camdolic Acid, in contrast with canadinio acid and the amorph- 
ous acids about to be mentioned, a and canadinolic acid, yields a 
sa*ponification value, and here it is to be noted that in one and the 
same secretion are present an acid which gives a saponification value 
and with other acids which do not do so. Canadolic acid is a mono- 
basic acid. By direct titration it took 13*36 to form the potassium 
salt. CjgHa^Oo requires for the formation of the mono-potassic salt 
CigHo^KO.^, 13*54 per cent K. Canadolic acid in the crystalline form 
very much resembles abietinic acid (p. 50). Its empirical formula is 
the same. It is differentiated from it, however, by its behaviour with 
lead acetate ; it is not precipitated. It differs also in the melting- 
point. Canadolic acid is accompanied by two amorphous acids, one 
of which is precipitated by lead acetate, the other not — a and 0 
canadinolic acid. They are present to the extent of 40-50 per cent, 
or one-half in the oleo-resin. 

a-Canadimlio Acid, precipitated by lead acetate, soluble in all 
solvents, also in water and petroleum ether ; melting-point, 95° C. ; 
intumesoes at 89° C. ; optically inactive. Analysis (mean of three) : 
C = 78*55 ; H « 10*59. Calculated for CigH3g02 : C = 78*62 ; H = 
10*34. Salt formation value: Found percentage, K « 13*92. Calcu- 
lated for Cj.,H 27K02, 13*4° K. Acid value, 199*8. Saponification 
value, hot (twenty-four hours), 200*1 ; (one hour), 200*7. 

^-Gamditwlio Acid, not precipitated by lead acetate, soluble in 
all solvents, also in water and in petroleum ether ; melting-point, 95° C. ; 
inturaesces at 90° C. ; optically inactive. Analysis (mean of three) : 
C - 78*64 ; H = 10*59. Salt formation value: Found percentage, 
K « 13*77. Acid value, 197*7. Cold saponification value (twenty-four 
hours), 199*1. Hot saponification value after one hour, 198*8. Both 
acids are monobasic and give no saponification value. They ar.6 
isomers. The resin acids being removed by ammonium carbonate, 
and soda and potash having extracted nothing further, the residue 
was distilled with water to free it from essential oil. The remaining 
resinous body, 7 per cent of the whole, resisted the action of alkalis 
both hot and cold. It is therefore a resene. It was accordingly 
purified by precipitating its ethereal solution by alcohol. It follows 
that it is insoluble in alcohol. Its solubility is interesting. < It dis- 
solves easily in ether, with more difficulty in amyl alcohol, benzene, 
chloi^oform, spirits of turpentine, carbon disulphide ; incompletely in 
petroleum ether ; almost insoluble in ethyl alcohol, methyl alcohol, 
acetone, acetic acid, acetic ether, and water. The substance was 
termed canado resene. Mean of three analyses: C « 81*86 ; H « 
12*87. Calculated for C 2 iH 4 (, *. C *» 81*82 per cent ; H - 12*99 per 
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cent. Here it is to be remarked, as in the case of other coniferous 
resins, on shaking the ethereal solution with soda solution a sub- 
stance settles out on the line of separation of the two fluids. It is a 
mixture of canado-resene with oil. If the latter be removed by dis- 
tillation with steam, and the residue purified as above,* pure canado- 
resene is obtained, likewise giving on analysis C = 81*80 per cent; 
fl =* 12*91 per cent. The mixture amounts to 5 per cent of the 
balsam. About half the amount of the resene present is thus re- 
moved by shaking. Canada balsam likewise contains 23-24 per cent 
of an essential oil, the greater part of which passes over between 160'" 
and 167° C. 

Usea . — Canada balsam is used to cement lenses, Nicols prisms, 
etc., for polari metric and refractometrio work, also in the mounting of 
microscopic objects. It is used in the preparation of transparent 
paper for imitation glass printing so as to render it transparent. For 
this purpose the' paper is dipped into a solution of the balsam in 
turpentine oil and after drying it is given another dip. 

Benzene is most esteemed as a solvent. When it dries from its 
solution in the latter or in chloroform it leaves a perfectly transparent 
faintly yellow and beautifully lustrous film. 

2. Oreijon Balsam from Ahies Amabilis . — sample of Oregon 
balsam examined by Evans : Acid value, 80 ; saponification value, 
86 ; and the oil obtained by distillation yielded the following results 
on examination : — 



(1) 

(2) 

Speoififl gravity 

•H()7 

•86o 

Optical rotation 

- 80 

- 87" 24' 

Acid value of ronin . 

l.Vi-O 

ir)8 


The utmost confusion has hitherto existed with regard to Oregon 
balsam, three kinds, Abies comolar ^ amabilis, and iwhilis, furnishing 
a balsam similar to that from Abies balsamca. Babak (“Pharm. 
Eeview ”), in an attempt to clear up the matter, gives a description of 
the oleo-resin from Abies amabilis, coming from the valley of the 
Oregon and of the oil distilled therefrom. He obtained 700 grms. 
of the oleo-resin, which is a pale yellow liquid, having an odour re- 
sembling that of limouene. Its specific gravity at 22'" C. is 0*969, 
and its 10 per cent solutions in alcohol and ether are optically in- 
active. On distillation it yields 40*3 per cent essential oil, which, 
while paler in colour, has the same odour as the oleo-resin. The 
specific gravity of the oil at 22^ is 0*852, and its optical rotation 
14^ 24'. The oil has been fractionally distilled, and it is concluded 
that it consists chiefly of pinene with a little limonene. 

3. Strasbiirg Turpentine {Terebintha Anjentoraicnsis ). — The oleo- 
resinous products of the silver fir are very valuable. The substance 
called Strasburg turpentine, from a large forest of silver^ fir trees 
near Strasburg, is collected from small tumours or blisters under the 
cuticle of the bark ; the tapping therefore consists in simply piercing 


^ Ahies pectinata. 

4 
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the tumours, which is done by a \;[hite-iroa -cylinder drawn out 
obliquely to a point so as to siinultaneouslj punc^tqre the^pockets and 
collect the resin. Strasbur^r turpentine having now i|}mo8t disap* 
peared from the market, analytical data ai;e lacking. 'The o^o*resin 
of the white pine agrees perfectly well .wi^ Canada halsam except 
as regards solubility, the former mixing in all proportions with glacial 
acetic acid, acetone, absolute alcohol to a clear solution. The odour 
of the white ^ino resin is also more agi eeable, being known in France 
as terebenthinr au citrm. The taste; is not sharp like that of 
Canada balsam and is less bitter. No Huorescence is perceptible. 

Weigel and Tschirsch examined Stracsburg turpentine. The 
sample was amlier-yellow-brownish, of the consistency of thick 
syrup ; the smell was betAcen lemon and balm. It had a sharp 
taste and the after-taste was bitter. It dried in a thin layer in the 
air to a transparent pale varnish. Density = 112. It gave no methyl 
value and dissolved in usual solvents, but only partially in ethyl and 
methyl alcoliol, acetone, and petroleum ether. Its solution in ethyl 
alcohol reacts strongly acid. Acid value : direct, 78*4-84 ; indirect, 
81*2-86*8; saponification value: cold, 140-145; hot, 151*2-154. 
Dry distillation yielded succinic acid ; melting-point, 184. Saponifica- 
tion yielded none. The succinic acid is therefore a decomposition 
.product. Water extracts the bitter principle. .Ammonium carbonate 
extracts 8-10 per cent of the balsam. Fifteen extractions were re- 
quired for 500 grammes of turpentine. The separated resin had 
not to be separated from any entrained matter. It formed a white 
ponder molting at lir-115' and optically inactive. This acid, 
abiciinic acid, yielded on analysis : Mean of three analyses : C =» 
79*94; H - 9*25. Calculated for : C = 75 00; H = 9*02. 

Acid value, 176*4 ; saponification value : cold, 238 ; hot, 257*6. The 
acid is monobasic and forms a monopotassium salt when boiled with 
aqueous potash. The potash content calculated from titration gave 
16*21. The formula requires a content of 15*83 K. Ex- 

traction with soda solution : twenty-three extractions yielded 48-52 
of a resin acid mixture, which on crystallization from methyl-ethyl 
alcohol gave a small amount of a crystalline acid (2 per centh This 
abietolic acid crystallized like abietiiiic acid in needles, mostly in 
plates which not seldom reach 5 mm. in length. The crystals begin 
to melt at 136“ G., but melt for the first time at 152°-153“ C. The 
solution is inactive. Mean of .four analyses found : C = 79*79 ; H 
= 9*59. Calculated for C.^.y}I«j;Oo : C 80 ; H 9*33. Molecular 
weight : Mean of five analyses, 283. Calculated for C...„H.jj.O., 300. 
The potassium salt by direct titration gave 11 *62 per cent K. 
C^,yHoyKOii requires 20*74 per cent K. The greater part of the 
resin a.cid extracted by soda is amorphous. The acid mixture can 
be separated by lead acetate, a-abietinolic acid is precipitated, 
)d-abietinoIic acid is not. 

a~Abietinolic Acid, — Melting-point, 95“-96“ C. Found mean of two 
analyses: C ^ 77*34; H - 9*5o. Acid value, direct, 218*4; saponi- 
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iloation ^ooMt 995*9 ; 286*6. 'Found, K 13*2. Calcu- 
lated £<ii^'C^^K9^ K;- 13*64. / ' 

^‘Abiett^lic '/t^'t^S^^^tingrpoini, 93‘’’94*' C. Found mean of 
three walyMS 77*15' = 9:4^. Acid valae, direct, 217; 
saponinCatioh’^Uie : c6)d,-^29‘6; hot, 266. Found, K ~ 13*1. Cal- 
culated for Cf()H^Ojr, ^th acids are thus monobasia 

The abidtoreeen m obtalhed by precipitating the ethereal solution with 
alcohol in whlirii it is ioaoluble. Pufihed it melts at 168- 169** C. It 
dissolves in usual resin solyents, on heating in acetic ether, slightly 
in petroleum ether and hot glacial acetic acid, and is insoluble in 
ethyl and methyl alcohol and acetone. Analysis gave mean of three 
analyses: C ^ 83*11; H » 11 ‘15. Calculated for Ci.^H^flO: C ^ 
83 ‘21 ; H - 10*95 The resene is present to the extent of 12-16 per 
cent ; essential oil is present in Strasburg turpentine to about 30 per 
cent. It passes over in greater part between 148°- 165° C. It has a 
pleasant smell. The balsam distilled with lime emits an odour of 
roses and orange flowers. (See Table XV, p. 74, under Silver Fir.) 

4. Venice Turpentine — History, — This oleo-resin was known to 
Pliny, who describes it as follows : “ Plusculum huic erumpit liquoris 
melleo colore atque lentiore nunquam durasceutis " (This resin, which 
is honey-coloured, issues slowly from the larch-tree, but never 
becomes dry). Again, Dioscorides states : “ There are liquid resins 
also from the pine and pitch-tree. These are brought from France 
and Etruria. They vary in colour, as some are like oil, others white, 
and some like honey, as the larch." Moreover, the ntramenlum of 
Pliny, “ which ’’ (he states) “ was applied so thinly over the picture 
when finished that it brought out the colours iu all their brilliancy 
and preserved them from dust and dirt ". “ Quod absoluta opera 

atramento illinebat ita tenui ut idipsum repercussa claritatis colorum 
cxcitaret custodietque a pulvere et sordibus." 

Orujin. — It is obtained from bore-holes made for the purpose in 
the common larch — Finns larix (L.), Larix decidua (Mill.), Larix 
Europea (De Candolle) — which is grown for resin-producing pur- 
poses in the Tyrol, Piedmont, and in France in the environs of 
Brian(,*on. 

The larch-tree has been acclimatized in Scotland and in Norway, 
being gi-own in those countries more especially for telegraph poles, but 
in neither country has it been exploited for its oleo-resin. It does not 
always thrive well in Scotland, being subject to a peculiar disease called 
the larch disease, which has quite a special literature of its own. 
Possibly this disease is induced by the extrema poverty of the soil 
in which it is planted, more especially on a shallow soil resting on 
moor band pan, into which the roots of the larch cannot penetrate. 
A severe storm, moreover, easily fells the trees. Some years ago 
a good portion of a forest was swept to the ground in a wholesale 
manner just above the Pass of Killiecrankie. The fifth Duke of 
Athole in his memoranda regarding his Dunkeld and Athole ladpph 
plantations brought out in a striking manner the immense inorett^JliK 
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the value of land that may be effected by planting. It appears that 
the land on which his plantations were made was not originally 
worth more than a rental of 9d. to Is. per acre, but such was 
the effect of the amelioration of climate and the improvement 
of the soil produced by the foliage, that at the end of thirty 
years, when the last thinnings wcjre removed, cattle were kept on 
the land Ijoth summer and winter, and showed the pasiure alone 
under the trees to be worth 10s. per acre rental. Encouraged by 
such results the Duke planted, during the latter years of his life, 
6500 acres with larch only, which he confidently calculated would in 
seventy years from the time of planting he worth £1000 per acre, 
oven at the low price of Is. per cubic foot, or less than one-half the 
price at wliich he then sold, and that the timber would be fit for 
building ships of the larger class. The expense of planting and 
fencing did not in any case exceed ])er acre, and the greater part 
was (‘xecuted at 10*;. pea* acre. But iron ships have since the Duke's 
time replaced wooden ones, and the drain on Scottish timber for ship- 
building lias ceased, though not until it had deforested Strathspey of 
its true native Highland Scots pine forests, and the denudation of the 
catchment basin of the Spey was the sure cause of the disastrous 
Moray floods of 1820. so well depicted by Sir Thomas Dick Lauder. 
In how far the Duke s estimate of £1000 per acre after seventy years 
is justified will readily appear from the jihotograph of two trimmed 
but unliarkcd trees, evidently 100 years old, felled in 1009 in the 
forests in the neighbourhood of (!awdor Castle and awaiting shipment 
on Nairn Harbour. The trees were intended for mast-making. The 
photograph was specially taken for the second English edition of this 
treatise. According to a recent Kew Bulletin the cost of planting is 
now (1910) much higher, but it is interesting to know that the 
Lochiel forest of highly resinous true Scots pines some miles in ex- 
tent, is still to the fore though over 200 years old. 

According to Prof. Voerl of Venice the method of tajiping the 
larch and collecting Venice turpentine in the Austrian 'Cyrol is still 
(1900) the sa ne as described by Hugo Von Mohl in 1859. The 
tapping is based on the fact that the oleo-resin tends to accumulate 
towards the centre of the stem and that it often fills the cavities 
made in the trunk by frost. To collect the oleo-resin, a bore-hole 
1 in. to IJ. in. wide and sloping downwards, outwards, or horizontal, 
is drilled by means of an auger, early in the year, in mature trees 
40 in. in girth. The hole penetrates as far as the axis and is about 
12 in. from the ground. This channel is carefully cleaned, and 
corked up hermetically by a dry larch spigot, which prevents' loss by 
evaporation. The collector bores from 50 to 100 trees in a day. 
In autumn the cavities are emptied by means of an auger. The 
same bore-hole can be used over again ; it is then on the second or 
third emptying widened to a maximum of 1 '6 in. The yield is, on 
an average, nearly half a pound of oleo-resin per tree. This is a 
poor yield, but the working entails little labour, and yields a product 
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of exceptional purity, which commands a price three times higher 
than the pine oleo-resin. The trunk is hut little injured and the 
same cavity yields resin for thirty years (twenty years). The bore- 
hole is again hermetically sealed during the winter. From the 
Tyrol markets the oleo-resin almost exclusively goes south through 
Verona to the groat market emporiums of Venice. In the second 
Venetian turpentim; centre, lying near Brian(,'on in Dauphino, and 
in Piedmont,, near Pinerolo, south-east of Turin in the Maritime 
Alps,, in order to oljtain it holes are pierced with augers as usual 
in the Austrian Tyrol, hut into these holes wooden tubes are in- 
serted. through which the oleo-resin flows into little buckets sus- 



Fi»i. — Sfiottish ^rown larch treeHKhowiiiK o>er 100 rings of annual growth felled 
near Cawdor, Nairn, 1010. 


pended at the other end to receive it. The season for collecting it 
lasts from May to October. According to Mohl, and also Wesseley, 
the bore-hole in the Italian Tyrol is mostly open and is not closed 
till the oleo-resin ceases to flow, but in fourteen days the outflow of 
ohio-r^sin is again resumed. It is perfectly clear, and needs no 
further preparation than straining through a coarse haircloth to free 
it from impurities. Venice Turpentine derives its name from the 
city of Venice, from which it w'as formerly exclusively exported. 
Venice turpentine resembles golden syrup or honey in colour and 
consistency. Pliny has \vell remarked that it never dries. It varies 
in colour from bright to greenish-yellow. It is naturally cloudy 
and dull, but freed from contained water and air-bells it is bright 
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and clear. In thin layers it quickly clarldes but takes longer in 
bulk. It has a faint fluorescence (Andee, Fluckjger). The rosin 
from larch is dextro-Wtatory, the essential oil levo-rolatory. Its smell 
recalls lemon and nutmeg. The invariably hitter taste is due to 
pinipicrine, a glyofltlde found in coniferst by KawaUr. Venice turpen- 
tine is soluble in 90 per cent alcohol, acetic ether, chloroform, 
benzol, and spirits of turpentine (E. Dfeterich) ; also in acetone, ether, 
glacial acetic acid^ Uiethylio and amyhp alcohols (Erban and Schmidt) ; 
almost entirely soluble in petroleum ethsli', ether, and carbon disulphide 
(Dieterich). Venice turpentine oieo-resin does not like other turpen- 
tine oleo-resins separate into two layers in course of time, and it 
does not eventually harden on the surface, nor become crumbly 
when kept for a long time in a cold place. It shows no crystals when 
viewed under the microscope. It becomes fluid at a low heat, and 
then runs easily. Its composition is given in Table XV, but its per- 
centage of essential oil is said to vary from 15 to 25 per cent. K. 
Dieterich got the following “ constants ” : Acid value, 66 ‘92-68*85 ; 
ester value, 46 ‘27- 54 ‘94 ; saponification value, 114*56-127*71. Beck- 
hurst and Brook’s figures are: Density, 1*094-1*190; acid value, 
76*101 ; ester value, 0*9 ; saponification value, 81-101. The acetyl 
values (K. Dieterich) are : Acetyl acid values, 69*87-72*19 ; acetyl 
ester values, 109*08-118*67; acetyl saponification values, 178*95- 
190*80 ; methoxyl value, 0. Tschirsch says the variations in the 
saponification values are due to the greater or less capacity of the 
resin acids for combining with alkali and that the oleo-resin contains 
no ester. 

Adulteration . — There are numerous concoctions on the market 
sold as Venice turpentine which do not contain a particle of it — 
mixtures of rosin, rosin oil, and turpentine, none of which are com- 
pletely soluble in 90 per cent alcohol but form emulsions therewith 
and separate out on standing (characteristic of rosin oil). The real 
article is often sophisticated with common turpentine, which may be 
detected by heating gently to drive off the volatile oil and then 
moistening the residue wuth alcohol ; if the residue treated thus has 
a crystalline appearance common turpentine is present. Smell is 
a useful guide, together with the inflammability and solubility in 
alcohol. To detect ordinary turpentine oleo-resin in larch turpentine 
oleo-resin the Hubl saponification recommended by some is unsuit- 
able, because the acid and ester values thereby obtained vary consid- 
erably, both in ordinary and in larch turpentine oleo-resins. 

If a little common turpentine oleo-resin be suffused with, dilute 
ammonia of 0*96 gravity a milky emulsion is produced, but larch 
turpentine remains clear. On stirring the latter it does not mix but 
behaves as an oily mass in the aqueous liquid, without apparent 
change, but is gradually transformed to a semi-solid, colourless, opaque 
mass, the liquid being but slightly turbid. But common turpentine 
oleo-resm immediately diffuses through the ammoniacal liquor, and 
forms an emulsion which soon sets to a jelly, especially when the pro- 
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portions are 1 part of turpentine oleo-resin to 5 of ammonia. Laroh 
turpentine oleo-resin, mixed with 5 per cent of ordinary turpentine oleo- 
resin, diffuses very readily in ammonia, the mixture settling in about 
five minutes, and clarifying when placed in hot water. A mixture 
containing 30 per cent of ordinary turpentine oleo-resin is also easily 
diffusable, solidifies in about ten minutes, and clarifies in the water- 
bath, but any smaller proportion than 20 per cent of common turpen- 
tine oleo*resin can only be detected with certainty when a genuine 
sample is available for comparison. The presence of not less than 
30 per cent of ordinary turpentine oleo-resin may be detected by 80 
per cent alcohol. If 1 part of the turpentine oleo-resin be mixed 
with 30 of this alcohol and shaken up a clear solution is formed if 
the sample be pure larch turpentine oleo-resin, whereas over one-half 
the amount of any ordinary turpentine oleo-resin will separate out 
after a short time. The test is not infallible, but may 1)6 resorted to 
in doubtful cases. The importance of the acid and saponification 
value in indicating quality is evident, as both these “ constants " are 
far higher in ordinary than in Venice turpentine oleo-resin, so that 
the presence of large admixtures of the former can be detected in this 
way. The acetyl value for ordinary turpentine oleo-resin is also far 
greater than for larch turpentine oleo-resin. But the best test of any 
(one which all authorities, curiously enough, omit) would be obtained 
by examining the action of the essential oil produced by the wet steam 
distillation of the oleo-resin on a ray of polarized light. This affords a 
more sure guide to sophistication in regard to a factor more likely to 
be overlooked by sophisticators of the ordinary calibre. The refractive 
index of l)oth the oleo-resin and its essential oil ought also to provide 
additional aids to the idenlificixtion of adulterants. In regard to the 
concoctions previously referred to in which Venice turpentine is con- 
spicuous by its complete absence, Schaal prepares a turpentine of this 
nature by distilling pine resins in vacuo at 270^ C. and subsequent 
distillation with oil of turpentine under reduced pressure. E. Die- 
ter ich gives for one of these “ artificial” Venice turpentines : Acid 
value, 98*79; ester value, 0*88; saponification value, 97 *06. Von 
Itallie says the acid and saponification value of these products are 
almost alike, but genuine Venice turpentines have the acid value 70 
and the saponification value 120. He gives the following figures for 
two solutions of rosin* in rosin oil (apparently a 8ort*of white ships’ 
varnish!) : Acid value, 97-99*5: saponification value, 108*0-109*3. 

Venetian turpentine was first examined by Berzelius and Unver- 
dorben. ‘ Unverdorl)en found therein two ethereal oils, from the 
heaviest* of which a little succinic acid distilled (both by distillation 
of the oleo-resin over water) much pinic acid, a neutral resin 
soluble in petroleum oil, and a little neutral resin insoluble therein 
as well as a bitter extractive matter but no silvic acid. Lecanu 
and Serbat found succinic acid amongst the dry distillation products. 
Maly examined t|ie resin dried on the stems of the larch-trees as well 
as the overflow Win /n. 58V He found in it a crystalline substance 
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which he recognized as abietinic acid (p. 50). Ducommun asserts that 
the oleo-resin contains no crystalline body. He remarks : “ There is 
a record by Caillot of a crystalline body, laricin, contained therein, but 
all chemists, such as Fluckiger, who have examined Venice turpentine 
agree clearly on the point that it contains no crystalline acid. The 
ethereal oil of Venice turpentine contains pinene.” Tschirsch ex- 
amined, on the one hand, a market sample of Venice turpentine from 
genuine sources (Caesar and Ijoret/ C. Haaf), on the other hand, a 
sample obtained direct from Pergine (Farmacia Crescini). The 
balsam was clear with a feeble fluorescence and dried to a clear 
varnish. Its density was I 185, methoxyl value nil. It deviated the 
plane of p(darization to the right, the ethereal oil to the left. Acid 
value: direct, r)8'f)-7l‘4 ; indirect, 70-72‘8 ; saponification value: 
cold, 128*8- ld4‘4 ; hot, 1117*2-145*0. By long-continued dry distilla- 
tion of 75 grammes of the ol(M^-resin 0*1 gramme of succinic acid was 
obtained, identified by its reactions and melting-point, 182“-183° C. 
Boiling water in large (juantities extracted a bitter principle from the 
oleo-resin but no glucose. Whether the bitter principle is identical with 
that found in the needles of PtnU'i siflvestris by Kawalir in 1883 is 
doubtful (p. 54). By extraction with ammonium carbonate a small 
atnount of a phlobaplume was obtained. A 1 per cent soda solution 
extracted 00 per cent of the weight of the oleo-resin. The crude acid 
separated by hydrochloric acid was dissolved in ethyl-methyl alcohol for 
crystallization to occur, the greater part of which when rccrystal- 
lized intumesced between 135'"-130 C., began to melt at 140° C., and 
fused at 147 -148° C. It dissolves completely in the usual resin solvents 
and completely in petroleum ether. The inactive laricinolic acid 
reacted acid. Market sample, mean of three analyses: 0 = 70*51; 

H 9*03. Pergine sample, one analysis: 0 = 79*53; H =.9*74. 
Calculated for 0,,„H:„O., : C = 79*47 ; H 9 *94. For C,,,HosO., : C = 
79*10; H = 9*73. Molecular weight estimation (mean of 8), 278. 
Calculated for C.,,)IIa„0^, 302 ; for Cn,H..s0.j -• 288. Acid value, 190*4 ; 
saponification value, 202*0 ; hot, 324*8. To ascertain whether hydro- 
lysis occurred during the saponification process 2 grammes of the acid 
were saponified in a reflux condenser, the acid separated from the lye, 
and recrystallized. The acid so prepared exhibited the same crystal- 
line form, the same melting-point, 147'^-148° C., as the original acid, 
and on analysis gave similar figures : C = 79*80 ; H = 9*75. Acid 
value, direct, 190*4 ; saponification value : cold, 252 ; hot, 325*92. 
The acid therefore absorbed nothing during saponification nor during 

reprecipitation. One gramme of acid neutralized 6*8 o.c. ^ KHO = 

0:1326, K= 11*70 K in the potassium salt. The formula C.j,^H. 2 ftKO.j 
requires 11*47 per cent K. The formula CV.»H.j 7 KOo requires 11*96 
per cent K. The acid is therefore monobasic. One gramme of acid 
heated under a reflux condenser for an hour neutralized 11*6 c.c. • 

^ KHO =“0*2262, K = 18*44 per cent in potassium salt. The formula 
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requires ‘2‘2’63 per cent K. It may be assumed that 
a second atom of potash is absorbed in this way. The acid potassium 
salt obtained by neutralization of the alcoholic acid solution by 
alcoholic potash corresponded to the formula C.j„H.^*t,KO.>,3C*.j^,H3oOa 
-3*12 per cent K. Found, 3‘29 K. 

Xeutral Potassium Salt. — Obtained by Iwilinj' a solution of the acid 
in a mixture of alcohol and ether with excess of potassium carbonate. 
Found, K -- 11'2G per cent, ('alculated for K = 11’47 

per cent. Silver Salt. — Obtained by action of excess of alcoholic 
silver nitrate on alcoholic solution of the acid ; a few drops of very 
dilute ammonia are then run into this mixture. Found, Ag = 
2()‘70 per cent. C'alculated for (A,„fL.,A‘^0„ A^^ = 2G'40 per cent. 
('atrium Salt. — Obtained by adding calcium chloride to a solution of 
the acid in dilute ammonia. Found, (’a G’oC) per cent. Calcu- 
lated for ; Ca = G'23 per cent. Lead Salt. — By 

precipitation of an alcoholic solution of the acid by an alcoholic 
solution of lead acetate. Found, Pb = 2/)'14 per cent, (calculated 
for (C.„,H.,.,0,)-Pb ; Pb = ‘25*44 per cent. Methoxyl value nil. 
Acetylization test, heating acid witli acetic anhydride aiul atdiydrous 
sodium acetate, and etherification test, passing dry HC’l gas through 
alcoholic solution of acid, both negative. Laricinolic acid forms 4-5 
per cent of the balsam. 

The greater part of the acid resms extractiHl by soda, 55-GO per 
cent of the oleo-resin, is amoridious. When after standing for 
several months the alcoholic acid mother-liquor from the crystalliza- 
tion of laricinolic acid formed no more crystals it was precipitated by 
very dilute hydrochloric acid. 'I'he amorphous acid is then precipi- 
tated in vs^hite flakes, which are rcdissolved in alcohol and partly 
precipitated in the state of lead salt, by an alcoholic solution of lead 
•acetate, the rest of the acid remaining dissolved in the mother-liquor. 

This reaction thus separates the crude amorphous acid into two 
acids, the one giving a precipitate, the other not, with lead salts. 
These two acids have been designated a-larinolic and /0-larinolic, their 
further study having demonstrated that they are isomers, but not 
identical ; but apart from their action on lead salts in alcoholic solu- 
tion, their properties are perfectly similar. 

a-’Larinolic Acid. — Melting-point, 80*" -BP (’. (Optically inactive. 
Mean of three analyses : C = 78*90 ; H == 9*72. Calculated for 
: C - 78*83 ; H = 9*49. For C„H,,0., : C - 79*16 ; H - 
S*73. Acid value, direct, 198*8 ; saponification value : cold, 238 : 

hot, 316*4. One gramme neutralized 7*10 c.c. ^ KHO. Salt-forma- 

4ion value = 13*84 per cent K. Potassium salt = 12*15 per cent K. 
Calculated for : K = 12*5 per cent. For CiyH.^K02 : 

K - 11*96 per cent. 

0~Larinolic Acid. — Melting-point, 85-86. Optically inactive. 
Mean of three analyses : C = 78*67 ; H = 9*68. Acid value, 196 ; 
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saponification value : cold, 240*8 ; hot, 302*4. One gramme neutral- 
ized 7 0.0. KHO. Therefore the salt formation value is 12*87 K 

a 

and the potash salt 12 01 K per cent. 

Potassium hydrate extracted nothing further from the ethereal 
extract. The resene oould not be obtained in a solid form, it con- 
stitutes 15 per cent of the oleo-resin. The ethereal oil has a pleasant 
perfume like mace oil and lavender oil ; its density is 0‘872. It 
consists of a lighter volatile oil forming 15T6 percent of the oleo-resin,. 
boiling l)etween 155'" and 170® C., the greater part distilling at 157° C., 
and a heavier volatile oil, 5-6 per cent of the balsam, and boiling at 
190° C. For full analysis see Table XV, p. 74 (larch turpentine). 

Larch Ovcrfiow Jiesin. — Bamberger found caffein along with vanil- 
lin, and much less ferulaic acid. The resinol lariciresinol is different 
from the pinoresinol in the black fir and the common fir. Melting- 
point: impure, 164° C. ; pure, 169° C. Mean of 5 + 5 analyses: 
C - 65*91 and 66*07 ; H 6*48 and 6*42 per cent. Calculated for 
: C 65*98; H 5*53. For : C - 65*90; 

H - 6*30. The molecular weight estimation gave 330, 378, 371, 
328, 358, 371, 304. Calculated for 346. It contains two 

methoxyl groups. Calculated for (',-IIj,.0^(OCH3).„ 17*91 per cent. 
It yields a totra-aoetyl derivative, melting-point, 160° C. Found : 
C -= 62*96; H 5*85;CH3CO 33*43; OCH^ 11*36. Calcu- 

lated for 0,.H,./OCHJ,(OCH/X)), ; C 63 03 ; H 5*83; CH/IO 

33*46 ; OCH., • 12*06 per cent, and a tri-acetyl derivative with a 
melting-point of 92" C. C,-H,.,(OCHJ, (OCH,CO),OH. The di- 
methyl ether = C,;Hj.,(OCH 3 ).j( 6 h.,), and the diethyl ether, CjJI,., 
(OCH3)j-(OC_,Hr,)o(OH.^).„ may bo similarly prepared. 

The resinol, therefore, has the rational formula C,-H,.,(OCHj)2 
(OH)^. It can be converted into an isomer, by boiling with sodium 
alcoholate, molting at 95-97. Mean of five analyses of this isolarici- 
resinol : C *= 65*89 ; 11=^6*48 ; OCH.^= 17*72. Calculated for C,„H.,.,0,; : 
C -’65*90; H - 6*36; OCn3 =» 17*91. By boiling with benzol it is 
suddenly converted into a physical isomer, melting-point, 152°-155° C., 
crystallizing in needles, which gives similar figures. Found: C - 
66*18 ; H = 6*38. Calcula1«d for : C = 65*90 ; H = 6*35. 

This isomer reverts to the isomer with melting-point 95° C. by re- 
crystallization from alcohol or alcohol and petroleum ether. Isolarici- 
resinol yields a tetra-acetyl derivative with melting point 169° C., 
a-dimethyl and a-diethyl ether. By dry distillation the lariciresinols 
yield inter alia guaicol and pyroguaicol. The diethyl lariciresinol 
yields by acetylization a diacethyl-larioiresinol, Ci;H|./OCH3).2- 
(OCjjHr,).,(OCH3CO).2. Laricinol by hot treatment with alcoholic 
HCl yields an anhydrous product, Cj7H,.j02(0CH3).^(0H).j. Laricinol, 
or better, its tetra-acetate, yields on treatment with chromic acid 
an oxidation product, Ci-Hi202(0CH3).,(0CH3C0)4, which yields on 
saponification a body with the composition Cj.Hjj,0(OCH3).„ melting 
at 180“-18r C. 
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** Artificial'' Venice Ttirpentine (And^s). — The manufacture of 
artificial turpentine is simple, the materials consisting of very light 
rosin and pale rosin oil, the former being melted and stirred up in 
the oil until dissolved, the proportions being selected so as to furnish 
the proper turpentine consistency. So far as the price will allow, 
the smell may be improved by adding a little elemi, very small 
quantities of ethereal oils, especially citi'onella oil, oarraway oil, etc., 
or even oil of turpentine, the latter approximating the product to the 
smell of natural turpentine. The fluid mixture is carefully strained, 
to remove all solid matters, before the addition of the essential oils. 

The following recipes are recommended : — 


1. Very pale rosin . 

Parts liy 
wei^t. 

3. Very pale rosin 

l*aitM. 

AO 

Rectified rosin oil 

! 2.'> 

Elemi . . . . 

.) 

Citronella oil 

Parts. 

Oil of turpentine 

14 

2. Very pale rosin . 

.'50 

4 . Very pale losin 

AO 

Rectified rosin oil 

20 

Oil of turiMJUtine 

14 

Elemi 


Pinolin (roain spirit) 

3 

5. Biaco's Process.' 

— Forty parts of rosin oil are warmed 

in the air 


(air. blast) until the weight has diminished by 10 per cent, and are 
then treated with 50-60 parts of rosin and 4-5 puts of oil 
of turpentine, followed by a solution of 0 2-0 3 parts of alkali 
hydroxide or alkali carbonate (or a suspension of alkaline earth 
hydroxides) in 10-12 parts of water. The product is more tacky 
than natural turpentine, and may be exposed to the air for a long 
time without hardening. The proportions may be modified according 
to the consistency desired. For producing the acid rosin soaps, the 
alkalis may be replaced by oxides of the alkaline earths or other 
metals. A portion of the rosin oil may also bo replaced by a heavy 
petroleum hydrocarbon, to furnish a product of still less drying 
power for certain purposes. 

According to Schaal, coniferous resins are distilled at about 
270^ C. under reduced pressure (60-70 cm.). The aqueous and 
oily portions of the first distillate are separated and the operation is 
continued up to 310" C., a thin stream of oil of turpentine (about 2- 
4 per cent of the weight of resin) being introduced through a narrow 
tube into the molten mass in the still, which is preferably fitted with 
stirrers. Two receivers are provided, the heavy turpentine condens- 
ing in the first one, which is kept at a temperature of 140'’- 160^ C. by 
cooling the still pipe or heating the receiver. This causes the added 
oil of turpentine to pass over into the second receiver, where it is 
condensed by a cooling medium. 

For “Venice” turpentine as made in France, see p. 81. 



CHAPTER VTI. 

SOUUCKS AND MKTIIODS OF OBTAINING TURl'EXTIXE.. 

5. Ohtainlwj AnieruHui Turpentine. — The most valuable oleo- 
resiiiiferous pine in the United States is the lonj»-leaf pine {Pinus 
Australiiif Vlniis P(iliistris)A Upon this pine (see }). 44) depend more 
or less a numljer of industries, chief of which is the extraction and elab- 
oration of spirits of turpentine and rosin and their various derivatives. 

In estaldishing a turpentine orchard and still, two points require 
consideration —transport facilities to shipping points, and an adequate 
supply of water for the condenser connected with the still. The 
copper stills generally used have a capacity of about 800 gallons, or 
about twenty to twonty-hve l)arrels of crude turpentine. To charge 
such a still twice in tw(uity-four hours during the working season, 
4000 acres of a good average stand of pine timber are necessary. 
This area is divided into tw(;nty parcels, each of 10,000 boxes, as the 
incisions are called, which are cut into the tree to receive the exuding 
oleo-resin. Such a parcel is termed a crop, constituting the allotment 
to one labourer for the task of chipping. When boxing was in vogue 
the work in a turpentine orchard started in the early part of the 
winter with the cutting of th(5 “boxes”. Until a number of years 
ago no trees were “ boxed” of a diameter less than 14 inches. Of 
late, however, saplings less than 10 inches in diameter are gashed. 
Trees of full growth, accoixling to their circumference, receive from 
two to four boxes, so that the 10,000 Iwxes are distributed among 
4000-5000 trees in an area of 200 acres. 

The flow of the crude oleo-resin was stimulated by stripping the 
tree of its bark and collecting the exuded resin in peculiar V-shaped 
receptacles called “ boxes ” cut out of the trunk of the tree. The 
trees are boxed during the fall and winter, the legal limit being from 
15 November to 15 Maich, The lower lip of the box is horizontal, 
the upper arched, and the bottom of the box is about 5 inches 
below the lower lip and 8-10 inches below the upper. This 
somewhat barbarous method of procedure now to be ({escribed 
has lately given way to some extent to the French cup and gutter 
system (see p. 63). 

The boxes are cut from 8-12 inches above the Imse of the tree, 
7 inches deep, and slanting from the outside to the interior, with an 

'Not to be confuseil with the HinialayAn Pinns Longifolia (p, 03), which is 
quite a distinct species. 

(60) 
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angle of about 35“. In the adult trees they are 14 inches in the 
greatest diameter and 4 inches in the greatest width, with a capacity 
of about three pints, but the capacity varies from ^-1 gallon. The 
cut above this reservoir (or box) forms a gash of about the same 
depth and about 7 inches in its greatest height. Some operators cut 
larger boxes than others, and as the trees are often boxed in one to 
four places at a time, according to the si/e of tlie tree, many die otf 
during the first or second year. But medium-sized boxes pay best ; 
the flow is as great and the duration longer. In the meantime the 
ground is laid bare around tlie tree for a breadth of 2A-3 feet, and 
all combustible material loose on the ground is raked into heaps to be 
Imrned, in order to protect tlie irees from the ilanger of catching fire 
during the conflagrations wliich are frequently sturted in the pine 
forests by design or carelessness. The employment of fire for the 
protection of turpentine orchards against the same element necessarily 
involves the total destruction of the smaller tree growth, and if 
allowed to spread without control beyond the proper limit often 
carries ruin to the adjoining forests. 

Cornering the Pines . — As soon as the boxes are cut the oleo- 
resin, begins to flow, and by the time the boxes are all cut and cor- 
nered the oleo-resin in the boxes is ready for dip})ing. The boxes 
are cornered by cutting a strip from each box with an adze, 

Cliippmg the Pines . — During the early days of spring the oleo- 
resin begins to flow, but as the wound made in “ boxing ” soon heals 
the surface is again scraped and chipping is begun ; that is to say, 
the tree is gashed or chipped so as to remove the surface hark above 
the box and lay bare the youngest layers of the wood to a depth of 
about 1 inch from the outside of the bark to a height of aliout 3 feet 
above the box. 

The removal of the bark and of the outermost layer of the wood 
— the “chipping” or “hacking” — is done with a peculiar tool, 
the “hacker,” which is a strong steel knife with a curved edge, 
fastened to the end of a handle bearing on its lower end an iron ball 
of about 4 lb. in w^eight, which acting as a lever gives increased force 
to the stroke inflicted upon the tree, and thus lightens the labour of 
chipping. The sharp edge of this tool is so turned that it cuts a 
streak from the tree of the exact size requisite to start the flow of 
oleo-resin, viz. J of an inch wide and J inch deep. The operator 
standing in front of the box commences at the top and cuts his streaks 
obliquely from right to left and left to right, thus giving to them a 
sort of L or V shape. The trees are scraped in this manner every 
eight ojT ten days from October or November, extending generally 
through a period of thirty-two weeks, and the weight of the chip is 
increased about 1^-2 inches every month. The surface and pores 
of the wood expos^ by the previous hacking in the interval tetween 
the two hackings becomes clogged up by the evaporation of the 
essential oil from the exuded oleo-resin. But a very small shaving 
is all that is required to restart the flow. The resin which accumu- 
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iates in the boxes is dipped into a pail with a flat trowel-shaped dipper 
— a peculiar sort of spoon or ladle which fits into the bottom of a box. 
The dipper is emptied into a bucket and the bucket when full into a 
barrel, the operator leaving it to drain while he fills another bucket. 
The barrels when full are hauled by wagons to the still. In the 
first season from six to eight dippings are made. The 10,000 boxes 
yield at eacK dipping about forty barrels of " dip” or “ soft gum,” 
or about 240 lb. net weight. The flow is most copious during the 
height of the summer (July and August), decreases with the approach 
of colder weather, and ceases in October or November. As soon as 
the exudation of the resin is arrested and it begins to harden under 
the influence of a lower temperature, it is carefully scraped from the 
gashed surface of the tree and the boxes with a narrow, keen-edged 
knife attached to a long wooden handle. 

In the first season the average yield of dip amounts to about 280 
barrels, and of the hard “ gum ’’ or “ scrape ” to about seventy barrels. 
The first yields 6^ gallons of turpentine to the barrel of 240 lb, 
net, and the latter 31 Ib. to the barrel, resulting in the produc- 
tion of 2100 gallons of spirits of turpentine, and 260 barrels of rosin 
of the higher and highest grades. The dippings of the first season 
are called “ virgin dip,” from which the finest quality of rosin is ob- 
tained. In the second year from five to six dippings are made, the 
cu:op averaging 225 barrels of “soft turpentine” and 120 barrels of 
“scrape,” making altogether about 1900 gallons of spirits of turpen- 
tine, The rosin, of which about 200 barrels are produced, is of a 
lighter or deeper amber colour, and perfectly transparent, and of 
medium quality. 

In the third and fourth years the number of dippings is reduced 
to tliree. With the flow over a more extended surface the turpentine 
thickens under a prolonged exposure to the air, and loses some of its 
volatile oil, partly by evaporation, and partly by oxidation. In the 
third season the dip amounts to al)out 120 barrels, yielding about 
1100 gallons of spirits of turpentine and 100 barrels of rosin of a 
more or loss dark colour, less transparent than that of the second year, 
and of poorer quality. In the fourth year three dippings of a smaller 
quantity of soft turpentine than that obtained in the previous season 
and about 100 barrels of scrape are obtained, with a yield hardly 
realizing 300 gallons of spirits and 100 barrels of rosin of the poorest 
quality. As a general rule the flow of resin from the tree after having 
been boxed for four or five years is not sufiicient to be remunerative. 
The oleo-resin is poor and contains but a small proportion of essential 
oil. On the other hand, however, the trees are sometimes scraped 
to such a height that they cannot be reached by the hack and are 
then scraped by an instrument with a long handle called a puller. 
But a crop does not yield so much by pulling as by chipping. The 
higher the boxes are chipped the greater is the yield. They are 
sometimes, but rarely, wrought to the height of 15 feet, and 
ladders become necessary to hack the trees afresh. In such cases 
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the olao-resin on its way to the boxes solidiBes partially on the trunk 
of the tree and has to be scraped off. When dead the tree is sawn 
into lumber or cut up for its tar and wood turpentine. Although the 
tapped wood is less appreciated, and often rejected by engineers as 
w^eak and faulty, it would appear by direct exporiinents by the U.S.A. 
forestry officials that it is, if anything, superior in this respect to un- 
tapped timber. 

6. htdian Turpentine.- — (1) Piniis Exoeha, Wall (Indian blue or 
five-leaved pine). Evergreen tree of temperate Himalaya, at altitude of 
6000-12,500 feet, goes westward to Kafristan and Afghanistan, east- 
ward to lihutan. Wood highly resinous, yielding turpentine and tar. 
Tapped by vertical cuts as P. longifolia, vkie infra. Tapped for three 
years, let rest another three, and tapping recommenced on other side. 
(2) Piniis lomjifolia, or the “ long-leaved pine,’* the most important of 
the Indian pines from the present point of view, is a large, gregari- 
ous, more or less deciduous tree growing chiefly on the dry Hima- 
layan slopes (outer Himalaya and Siwalik lUnges, 1500 to 7500 feet, 
extending west to Afghanistan and east to Bhutan). In North-west 
India, including Kashmir and the Native States, it covers an area of 
2000 to 4000 square miles, and its turpentine is more freely collected 
and used than that of any other Himalayan conifer. The tapping of 
this species (according to Watt) in a systematic manner was com- 
menced in Jaunsar, but has now extended both to the Punjab on the 
west and to the forests o( Kumaon on the east. In 1880 about 9600 
trees were tapped in Jaunsar, each giving about 8^ lb. of resin. The 
total yield of the year was over 1000 maunds of resin which pro- 
duced at the Forest School factory, Dehra Dun, about 900 maunds 
of rosin and 1740 gallons of turpentine, which sold for nearly R9000. 
There are two methods of tapping the tree, native and liuropean. 
The system employed by the hillmen of Kumaon and Garbwal is to 
cut a niche ^ into the trunk about 3 feet from the ground, the bottom 
of wliich is hollowed out. The oleo-resin is collected as the niche 
fills, sometimes every second or third day, usually between the fourth 
and fifth days. The niche has to be deepened and lengthened from 
time to time, and it may be used for two or even three years. By 
the European method an incision about I foot long, 4 inches wide, 
and 2 inches deep at the base, not including the bark, is cut into the 
tree, and a curved incision about 5 inches long is made just below 
that, into which a piece of zinc is inserted so as to form a lip from 
which the resin may flow into a pot suspended beneath. The tur- 
pentine oil obtained from it is reported to be of good (juality, but has 
a tendency to darken in colour, and leaves a considerable residue on 
distillation. These defects are no doubt due to careless preparation, 
and can probably be remedied. 

(3) Pinm (jerardiana, Wall, is a moderate-sized evergreen tree, 
found principally on the inner, dry North-west Himalayas and in 
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Garhwal, generally at an altitude of 6000 to 12,000 feet, the moun- 
tains of Northern Afghanistan and Kafristan, also Hareab district, at 
7000 to 11,000 feet. According to various reports it affords an 
abundant supply of a fine turpentine oil. The wood is hard, durable,, 
and very resinous, but rarely utilized since the tree is so highly valued 
for its almond-like seeds which form a staple food. 

(4) Piiius kkasya Royle, a large evergreen tree, one of the principal 
Indian pines, is widely distributed on the Khasia hills, Chittagong 
hills and the hills ol Burma, at a height of 3000 to 7000 feet. 
The turpentine oil obtained from its oleo-resin was examined for the 
Imperial Institute by Prof. Armstrong in 189G, who rei)orted favour- 
ably on it. The crude turpentine, which is a grey, thick, pasty mass, 
furnishes by distillation with steam 13 per cent of its weight of oil. 
The original turpentine oleo-resin has a slight but agreeable odour, 
less pronounced than that of French turpentine, and Armstrong 
describes the oil as of the highest quality, capable of serving every 
purpose to which spirits of turpentine, French or American, are put. 
Samples submitted to a London firm of brokers were valued at £4 
to £G per ton for the crude turpentine, £24 for refined spirit, and 
rosin £5-6 per ton. But at the present day these prices would be 
greatly enhanced by the great rise in price of both turps and rosin. 

(6) The only other Indian pine of importance is Phius Mcrhisil, of 
the Shan States, Martaban, and Upper Tennasserim, at oOO to 3500 
feet. Although the turpentine oil produced by it is dear, owing to 
the small quantity available, there is no doubt thiit the area of growth 
could be considerably increased. The resin of this species, says 
Watt, was examined by Armstrong at the same time as that of Pinus 
kkasya. The crude turpentine is more fluid and clearer, and yields 
nearly 19 per cent of oil. The two oils closely resemble each other 
in all respects, and correspond exactly in tlieir properties to French 
oil of turpentine, 

(G) Deodam oleo-resin. — The Cedrus Libani Var. Deodara is i)i 
India a very large evergreen tree, often 250 feet high, from Afghanistan 
Mountains to Dauli River in Kumaon. Immune from white ants, its 
wood is the chief timber of India — that of some buildings in Kashmir 
being 600-800 years old. The oil resembling crude turpentine is 
obtained from the wood, and is employed by the men who float 
deodar logs to coat the skin buoys by which they pass the rapids. 
Metallic articles kept in a box of demlar wood are beautifully varnished 
by the action of the oleo-resin (Watt). 

(7) Turpentine of the Aleppo Pine. — This somewhat handsome 
tree, Pinus halepcnsis, bears few leaves, but they are long and'fine and 
of a glaucous green, two or three being enclosed in the same sheath. 
It grows in Provence, Spain, Syria, Barbary, Tunis, and Algeria. In 
Tunis the Aleppo pine is important. All the limestone mountains to 
the north of Medjerda, where some forest tracts still remain, are 
covered by it to the extent of 450,000 acres. It is hardy, grows in 
all soils, even the most arid, and at all exposures and altitudes, from 
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sea-level to the most elevated point in Tunis, the top of Djebel 
Ghanbi. The Aleppo pine thus grows in spots not only un6t for 
farming but which suit no other tree. It, however, generally only 
forms thin plantations of badly developed, twisted, and mutilated 
trees, which on distillation yield turpentine, rosin, and tar of the usual 
quality. In the second forest, with over a million resiniferous trees, 
the production is trebled, 6000 quintals of* turpentine oil and 12,000 
quintals of rosin. An unleasable tract of forest, Khars and Ksenne^ 
near Aumale, has already fixed the atteritioti of speculators. It 
comprises over 20,000 .lochs of land with over a million resiniferous 
trees, of which 100,000 still standing are killed by rosin. The 
folio w'ing other Algerian forests are in goo<l condition for resin 
exploitation : Ouled Hama with 3000 acres, on the Medsak road, 
near Boghar ; various tracts in the Milianah Inspection, with over 
20,000 acres ; Guarancenos with 2250 acres ; Lelamata with 3326 
acres ; Oued Tolta with 6750 acres. Another rosin distillation 
establishment could be made at Bon Salah, 7500 acres ; El Dekera, 
47,500 acres ; Senkel liana, 22,675 acres, south from Orleansville. 

7 (a) Sicilian Alepjjo Pine OIL — When rectified in a current of 
steam over anhydrous potassium carbonate, a sample of Sicilian spirits 
of turpentine from IHnus halepensis had a specific gravity of 0*858 to 
0*863 at 20^ C. ; optical rotation, + 25 ’ to + 30^' ; and refractive index, 
1*4664 to 1*4684 at 20'. On treatment with a current of dry hydro- 
chloric acid gas, it yielded 25 per cent of a solid and 75 per cent 
of a fluid monohydrochloride. It is said to be employed for the 
adulteration of the cheaper varieties of lemon oil. It may be noted, 
however, that the oil is dextro-rotatory up to + 30', whilst, accord- 
ing to Fernandez, the Spanish tuiq)entine oil derived from this source 
is levo-rotatory. 

7 (5) Spa}ush Aleppo Pine Oil.- — According to Fernandez the 
essential oil from the balsam of Pinna halepensis, a pine tree com- 
mon to Spain, differs in its character from the turpentine of France 
and the United States. A typical oil rectified with steam had the 
following characters : — 


Specitic gravity at hV 


„ 30 '^ 

Optic.al rotation 
Refractive index at 2(V 


0*8020 

0-8.5tK) 

- 8 * 73 ^^ 
1*4004 


On treatment with dry hydrochloric acid gas, it yielded 35 to 40 
per cent of a solid monohydroohloride, and 60 to 65 per cent of a 
liquid .hydrochloride. The latter could be easily converted into 
borneol by means of metallic magnesium. A well-defined nitroso- 
chloride of the pinene present w’as obtained, melting at 95". 

7 (c) Algerian and Frem'h Aleppo Vim Oleo-resin . — Three samples 
of the turpentine of the Aleppo pine {Pinus halejyensia) from the 
South of France and Algeria have been examined by Vezes, who 
obtained the following results : — 
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Oleo-resin : — 


EBBcntial oil . 

Per cent. 
14-7-‘27-0 

Non-volatile (rosin) 

<i6-7-78-3 

Solid impurities . . . , 

0-8- o-e 

Water and loss ... 

‘21- 5-.5 

Essential oil 

Density at ‘25'' C. 

()-8.55-2-fl-S5r)8 

Optirtil rotation [«’|, + 4(»-(> 

to -H 47 

Hr-fnietive index at 2-5'' 

1- 41)38.1- 40.5*2 


By the redistillatiou of the essential oils at least 80 per cent in 
jach case 'passed over at a temperature of l/5o ' to 156“ C., and these 
lad the following characters : — 

Dcnwity at ‘25’ C. . . 0-Hr,41-0-Hr)47 

Optical rotHti\>n [o],, + 47- to 4S-4'^ 

UefractUe imU*x at *2-7 C. . l-4t»:i:$-l*4t):i‘.t 

These oils dilTor from ordinary turpentine in their lower gravity 
j.nd in their action upon polariziid light, ft is estimated that 
[i-pinene is present in the oil of Aleppo pine to the extent of at least 
30 per cent, and that it therefore constitutes a gooil raw material from 
which this terpene may be obtained. 

8. Swedish Turpentine Oil." - Kondakow has investigated the oil of 
tiurpentine distilled from Swedish pines, lie linds it to be dextro- 
rotatory. By fractional distillation he obtained a fraction which boiled 
between 153“ and 160“ and was highly dextro-rotatory, + ; the 

fraction boiling between 185“ to 190’ was also dextro-rotatory, + 10“. 
The author claims to have isolated sylvesirene from the oil, but the 
Bharaoters are not those given by Wallach in his classical research. 
The following table shows the differences : — 


Wallarli. 

Specilic gravity ■ 0*S,')4 O-s.'il 

HoiIing-{xniit = 174"-17ri’ 17<r-177' 

Eefmetion index - l-4'.M)l:j 1-47470 

Dpticnl rotation - nil i liJi' 


9. Huiu/aruui Fir Ilcsin. —.According to Augustin, a resin is ob- 
tained in Hungary from Picea niontana (Schir), and is sold in packages 
wrapped in the bark of the tree. The vicld of resin from this tree is 
greater than that from the spruce lir {Pioea e.rcelsa), but the method 
of collection leaves much to bo desired. Attempts are being made to 
remedy this state of affairs. The protluct of Picea cxoelsa (Table XV, 
p. 74) is Burgundy pitch, or white pitch. Another white pitch is ob- 
tained in Russia from Abies pichta or Abies Sibirway while Canada 
balsam is the product of Abies Canadensis. A product similar to this 
from Hungary is obtained in the Jum from Picea excclsa. The latter 
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contains about 32 per cent of an essential oil, while the solid resin 
consists principally of resin acids, notably Picea-pimarolio acid 
which is amorphous and soluble in a solution of sodium 

carbonate. 

10. Chian Turpentine — Botanical Source ; Geographical Ongin , — 
Although the terra turpentine was first applied to this oleo-resin, it is not 
derived from a conifer. It is the product of an anacardiacea, Pistacia 
Tercbinthinufi, the terebinth tree, a tree or shrub growing in the 
Island of Scios, district of Papho, and in Cyprus, and common on the 
islands and coast-lines of the Mediterranean. ( kcurrence in the Plant ; 
Collection ami Preparation. — During May and June the bark is incised, 
the oleo-resin is collected, boiled, and kneaded with water. Pasqua 
describes the incisions as being made in August. The oleo-resin 
l)egin 3 to flow within a day, and it is purified by melting in the sun. 
The oleo-resin occurs in the secretion vessels of the bark. Chemical 
Composition. — ^The balsam has not been exhaustively examined. It 
contains 83-88 per cent of resin, 9-12 per cent of dextro-rotatory, + 1 2*6 
to 4- 19*45“ essential oil and traces of succinic acid. The density of 
the essential oil is 0*8(i8-0’8fi9. It consists of pinene. According to 
Power two modifications of borneol derivative are present, one the 
acetic ether and the other the valerianic acid ether. An indilTerent 
neutral substance of the formula 0^11., „0_, is also described. 

Specification — Densilif. — The density of the oleo-resin is 1*050. 
But both density and consistency vary with the percentages of essential 
oil. Taste. -Faint aromatic like pine turpentine but neither sharp 
nor bitter. Smell. — Aromatic like pine turpentine. Solnhility. —Almost 
completely in the usual resin solvents. Optical Deviation. —Of the oleo- 
resin, levo-rotatory ; that of the essential oil, dextro-rotatory {uide 
supra). Microscopical Emrnination (distinction from pine oleo-resins) 
— Plant debris if present should show no pitted vessels indicative of 
pine oleo-resin, and the turpentine itself should exhibit no crystals 
which would also point to the presence of pine oleo-resin. Acid 
value, 47*8-53-4 (Kremel), 4713-48*53 (H. Dietevich). Ester value, 
19*13-21*47 (E. 1).). Saponification value, 06*26-70*00 (E. D.). 
Landerer found the oleo-resin iidu Iterated with 20-30 per cent of 
sand and pebbles. 

11. Besinous Balsam of Finns Sabiniana. — The resinous exudation 
from the nut or digger pine has been examined by Kremers, Kabak, 
and Sievers. The sample was collected in California, was semi-solid, 
hail a dirty brown colour, and a characteristic, pleasant odour. It 
was contaminated with pieces of bark and other materials. The acid 
equivalent was found to be 127, and the ether equivalent 37, figures , 
which approximate closely to those of ordinary resin. By distillation 
in a current of steam the balsam yielded 7*3 per cent of an essential 
oil, which was nearly colourless, and had an odour somewhat like 
that of the orange. Pinene could not be detected in this oil, the 
principal constituent being normal heptane (CyH^jj), a hydrocarbon of 
the paraffin series ; 50 per cent alcohol extracted from this oil a 
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golden yellow product having a very pleasant odour ; the latter had an 
acid value of 42, and an ester volume of 124. The residue obtained 
after distillation of the balsam was hard, brittle and opaque, and had 
an acid value of 142. Heptane was found to be present in the oil 
from PinuH porukrona, by Thorpe, and his results were confirmed by 
Schorlemmer, who proved that the heptane obtained from this oil 
was the same as that contained in petroleum spirit. 

12. Norway Pine Oleo-Iiesin . — According to Frankforter the oleo- 

resin of the Norway pine (Pinm resinosa) (p. 44) has a specific gravity of 
the natural product of ‘8137 at 20^ C. compared with water at 4*^ C. 
The optical rotation was [ajo at 20"' C. = + 4, and the refractive 
index 1*4788 at 20" C. The volatile oil removed by distillation in 
a vacuum amounted to about 20 per cent. The rosin left in the 
retort melted at 81*5"' C. It was very soluble in absolute alcohol, 
acetone, benzene, toluene, and xylene. In alcohol of 70 per cent it was 
only slightly soluble, and in 60 per cent alcohol it was quite insoluble. 
On dissolving this rosin in ether and pouring the solution into 80 
per cent alcohol, a crystalline body separated with a melting-point 
of 83*7" C. containing 72‘62 per cent of carbon and 9*24 per cent of 
hydrogen. This was separated into two substances, one of which 
formed an unstable araraoniura salt (NH4)oC.,,r,Hy„0:,» melting at 98"- 
112" C., from which the acid was obtained, which after recrystallization 
from 80 per cent alcohol, had a melting-point of 97' to 98" C., with 
a composition of The second substance was common 

abietioaoid, but the melting-point was lower than usual (129" to 130" 
C.). Abietic acid or an isomeric acid is present in most resins, but 
it is probably accompanied by other acids, which impart characteristic 
properties. The above resin acid diflers from all others, and may be 
regarded as a new substance, though in some respects it resembles 
the palabietinic acid of Tschirch. 

13. British Honduras . — Towards the end of 1904 the Government 
of British Honduras accepted an American offer to pay one cent 
each for the privilege of tapping 12,500,000 pine-trees for turpentine. 
This concession is granted for twenty-six years, and all the pine pro- 
ducts obtained will be exempt from export duty. About one-third 
of the colony is said to be covered with pine ranges consisting almost 
wholly of Piniis cubensis. Nothing is known as to the yield of tur- 
pentine obtainable from this species of pine nor as to the quality of 
the oil yielded by it. 

As a sequel, for the first time in recent years turpentine figures as 
a small amount in the exports from Honduras, the value being £120. 
But for the difficulties of transport this might be an article of con- 
siderable importance. As it is, however, many of the pine forests 
where it can be obtained are in the heart of the country, and the 
expense of conveyance to the coast makes it impossible to export 
this product with advantage. 

14. Mexican Turpentine . — A turpentine distilling plant, with a 
capacity of 200,000 gallons per annum, has been erected near 
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Morelia, in the State of Michocan. This undertaking constitutes the 
beginning of the Mexican oil of turpentine industry, the object of 
which is to utilize the extensive forests of long-leaf yellow pine found 
in that country. 

15. Turpentina in Japanese Sakhalin. — The British Vice-Consul at 
Hakodate reports that experiments, with successful results, have been 
made under the auspices of the Government of Japanese Sakhalin in 
the extraction of turpentine from the “todo-matsu” i.\hies sachali- 
nensis) and another species of pine. These trees flourish in great 
numbers in Sakhalin, and, as the manufacturing process is apparently 
simple, there is reason, says the Vice-(5onsul, to believe that a 
valuable industry will develop. After the extraction of the crude oil 
by incisions in the bark, the trees themselves are f^^lled and used for 
timber. It is stated that the total amount of wood available is alx)ut 
60,000,000 cubic tons, and that it is proj) 08 ed to deal with this on 
the system of a hundred years’ rotation, felling tlius at the rate of 

600.000 cubic tons per annum. Treated in this manner, it is believed 
that the supply will be virtually inexhaustible. 

16. The Prodv-ction of Pnssian Turpentine. — The largest <juantity 
of Russian turpentine is produced in Poland, where the peasants are 
engaged in this industry, employing the following primitivt} methods : 
Pine stumps are placed in trenches dug in tlio ground, these trenches 
having iron-sheeted bottoms, under which fires are started to distil 
the turpentine from the stumps by means of the heat. I’he turpen- 
tine so extracted is caught in reservoirs, and through a pipe line con- 
ducted to the place where it is placed in barrels and shipped to the 
nearest town to be sold. It is impossible to ascertain the cost of 
running these plants. The raw turpentine is not sold at the place of 
production. There are three grades of turpentine sold in the market. 
The price of each of the grades is at present quoted as follows : 
Best quality, 2*80 roubles per pood, or 4 cents per lb. ; second 
quality, *2 *50 roubles per pood, or 3 6. 10 cents per lb. ; the lowest 
grade, 1*80 roubles per pood, or 2 6. 10 cents per lb. -all products in 
this country being sold by weight. 

17. Pinus Maritima, the Landes Pirn, Maine [France) Piney Pinus 
Maritima (Lamarck). — (u) The Maritime Pine in Europe. — The 
geographical range of the maritime pine, a tree of temperate climates, 
is very wide. Here and there it has been acclimatized in Britain 
for shelter or ornament, but its native habitat includes the Mediter- 
ranean shores and hinterland of France, Italy, Algeria, (’orsica, the 
shores of the Bay of Biscay, and Spain. In Gascony this tree covers 

1.875.000 acres of land, or an area almost equal to the whole of 

Argyllshire. Wide tracts of maritime pine are also met with in the 
lower Pyrenees, on the shores of Saintogne, in Dordogne, Brenne, 
Sologpe, and Maine. It will thus be seen that the maritime pine is 
a tree of temperate climates. The tree is, in fact, so sensitive to 
cold that the foresters of Sologne will long remember the havoc 
played in their pine woods by the severe winter of 1879-80. (6) 
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The Maritivte Piiie in Africa. — In Africa it forms immense forests near 
B6ne and Cape Bangaroni. It is also found on the north>west 
coast of Khroumirie, Tunis, upon the mountains situated near Taharka, 
and the Algerian frontier ; it there covers an area of 75,000 acres. 
The pine groves burnt in 1881, upon the entry of the French troops 
into Khroumirie, are already re-afforested, l)eing composed largely of 
young stocks, which dominate the reserves spared by the fire, (c) 
The Maritime Pine in the Ijamles : Profit and Loss. — The best trees 
are grown from seed, hence this is the usual method of rearing the 
tree. The seed is sown broadcast and the plantation is thinned every 
four or five years by felling the poorer trees, so that after twenty to 
thirty years the trees are at least 0 feet apart. If there be still some 
trees to be felled to separate the remainder by that distance, they are 



* Fi«». (i.- -CulU'clin^ turpiMitim; oIcm) resin in Franee. 

incised deepl\ on each side, and the resinous exudation collected in 
the usual way. lieft tluis the tree witliers and is felled within four 
or five years. Tlu* host trees are then chosen, and the others treated 
exhaustively, as before. I’he selected trees are left ‘27 feet apart, and 
the collection of the oleo- resin from those is conducted less exhaust- 
ively. They are not tapped until at least 12 inches in diameter. 
Tho maritime pine loviis a light, loamy soil ; it does not succeed in 
too damp ground but it thrives in the sand of the ijandes, as pure 
and fine in certain spots as silver sand, so long as the layer of drift 
is neither too superficial nor too impermeable. J3ut the maritime pine 
has not only the advantage of thriving in poor, sandy soils, but in 
virtue of its light foliage and its denuded trunk it resists the wind well 
in exposed situations. It has therefore been used from the most 
remote antiquity for fixing the shifting sands of the Gascony dunes. 
About the end of the eighteenth century Peyscha Dubose, Desbin 
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Brothers, and, after them, Breraontier, established iho best methods 
of planting the dunes, although Breniontier generally gets the whole 
credit as being the first to miopt this peculiar mode of stopping 
further encroachments on the land. The tree grows nipidly ; when 
thirty years old it is 40 inches in girth, at the height of a man from 
the ground. The slender cime lets the light reach the ground, on 
which is a dense growth of moss, heather, rushes, etc., which turf is 
used as litter or sometimes distilled. So copious and precocious is 



the secretion that the thinned trees are incised for their resin by their 
fifteenth year. But fire often devastates the fonjsts. The causes are 
many and y&ried— inter alia, carelessness in weed-burning, the use of 
matches, toucli-paper, sparks from locomotives ; even arson is no 
unknown. Again forests are often invaded by the caterpillar 
Cnethocampa jntyocampa, which devours the needles and greatly 
lessens the production of timl^er and resin. 

Hosin and Turpentine Production in France.— A far greater pro- 
portion of turpentine and pale rosin is obtained by the careful French 
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method of tapping the pine-trees and rehning the product than is got 
in the United States. A “ face ” is made by removing the bark of 
the pine {Pinm mariiima), at the base of which a cup is placed to 
collect th(^ gum which flows therefrom. The gum is conducted into 
the cup by two “ gutters placed in a V shape. Every year the 
bark is njmoved from higher up the tree, and the cup and gutters 
moved up to the new “ face The gum is collected in barrels and 



Fi(». H. — Colh^tiiiK tnvpeiitine olen-vvHin in Franco. 


taken to the factory, where it is put into a boiler to remove the 
particles of foreign matter — chips of wood, leaves, insects, etc. It is 
then placed in a still and the distillation results in turpentine, the 
residue l^eing rosin. The latter is packed in casks containing about 
400 kilos (8 cwt.). C’aro is taken not to cut too many “faces ** on 
the pine, unless it is intended to kill the tree in order to thin the 
forest, so that in France the pine can l)e tapped for forty years or 
longer, whereas in .America after four years of turpentining the pine 
forest is given over to the lumber mill. 




FRENCH TURPENTINE. 


73 


The Exploitation of the Maritime Pine for its Oleo-liesin in 
Oreece . — The American process is followed. The tree is out to the 
centre to the height of a metre, and much resin flows, and the tree 
falls to the ground the first storm that occurs. The Grecian oleo- 
resin came to market through Trieste and Marseilles, but owing to the 
amount of sand and other impurities found few purchasers. Latterly 
there are coming to market much larger quantities of very pale oleo- 
resin and turpentine which would seem to imply that tlie industry is 
now in a flourishing condition. 

Composition of Turpentine — Method of analysis: 

Tschirsch dissolves oO grammes of oleo-resin of known origin in 500 
c.c. of ether. Water and impurities separate. The ethereal solution 
is agitated with a 1 per cent ammonium carbonate solution, the frac- 
tional extractions, repeated several times, bringing the ethereal solu- 
tion each time to its original volume. Tlie acjueous li(|Uors obtained, 
decomposed by dilute hydrochloric acid, give a precipitate of resinio 
acids. Fractional extractions are then made witli a 1 per cent sodium 
carbonate solution and the aqueous liquids treated in the same way. 
The residue, insoluble in alkaline carbonates, is freed from ether, 
distilled with water, yielding essential oil and neutral resin or resene. 
Succinic acid is determined by dry distillation on a sand-bath, d’ho 
bitter principle is dissolved by hot water. 


TAHLE XIV^.—AXAIA'SIS OF mmUKAOX TrUFE.NTINE OI-KO-UESIN 
(TSCHIUSCH). 


V*<»ition .Soluble in j 
N’a.<»' 03 , about 64 per l*er cent, 
cent. 


Poitioii Inaoluhle in 
Xa2e03. 


Various .Siib- 

IVr < ent. Htuncea, alamt 'i 
|H.*r lient. 


Pimaric acid . i (i-T i Essential oil, volatile 
I „ . I 8 10 j portion 

I A Pimarolic aciilj^ ' io pn 1 Essential oil, less 
jR Piinarolio acid) volatile portion . 

1 i I Bordo resene 


Traces of suo- 
25-2r» , cinio, fomiic, 

end acetic acids, j 
:b4 colouring j 
H iy matter, water, ' 
I and iinpuritira i 


Tschirsch, Brunning,and Weigel have found acids, somecrystalline, 
others amorphous, soluble in ammonium carbonate ; others, soluble in 
sodium carbonate, occur in all turpentine oleo-resins. The essential 
oils estimated by distillation often include small quantities less 
volatile ‘than the hulk. The resenes (neutral resins, abieto resene, 
bordo resene, etc.) can generally be purified to a white powder when 
a formula is given them, but Bordo resene remains pasty and its 
exact composition cannot be determined. 
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TABLE XV.— COMPOSITION OF TURPENTINE OLEO-RESINS (TSCHIBSCH). 



Maritime 
Pine. 
Per cent. 

Spruce. 
Per cent. 

Silver Fir. 
Per cent. 

Abies 

Canadentiis. 
Per cent. 

Larch. 
Per cent. 

Reainio aoidH .... 

64 

53 

56-60 

63 

60-64 

Essential oil . 

25-29 

30-33 

28-30 

23-24 

20-23 

BeseneH 

5-6 

10-12 

12-16 

1 11-12 

14-15 

VariouB substances . 

1-2 

1-2 

1-2 

1 1-2 

i ' 

2-4 


Hesiti Avoids from Oleo-Besin from Various Speoies of Pinus, eto . — 
The resin acids in the oleo-resin of Pinus sylvestris, and other species 
of Pinus, etc., in rosin, galipot, and pine oleo-rcsins generally, is ac- 
cording to SchkatelofT sylvic acid, with three isomeric modifications : — 

('hmracter. Meltinf(-p<>int. Optical Rotation. 

a-Sylvio acid While crynt. iwwder . . 14H°-i44'^ [«]•»- 73’67‘’ 

jS- Sylvic acid Cryst. in three-Bided plates . 160^’ - 92-5'^ 

7 -Sylvio acid Cryst. lon^? needles, or three- 

sided plates . . . 179'^-180‘' Inactive 

)9-sylvic acid is probably identical witli tlie abietic acid of Mach, and 
7 -sylvic acid is similar to Laurent’s pyroinaric acid. Besides crystal- 
line acids, all the olco-resins contain an uncrystallizable yellow acid, 
Unverdorben's pinic acid. The formula of the above acids is probably 
C,„H,„0, JH,,0 (ov 

The following oleo-resins were examined by Schkateloff :• — 

TABLE \ VI. -SHOWING PERCENTAGE AND PHYSIC A 1. PllOPEllTlES OF 
OIL IN OLEO-llESlN FROM VAUiOCS SPECIES OP CONIPERS. 

A (SCHKATELOPP). 

1 Volatile Oil by steam j Density of Oil at ! OptinillioU- Nature I 

■ I DivStillatHni. Percent, j l.'i’C , tioii of Oil. of Acid. 


I ; i 

Pinna BylvestriH .1 15-10 1 0-Sl>7 + 22 a-sylvic 

,, abies cxeelHti > about 13*4 0*873 - 13*2' . a-sylvic 

„ cembra . ' 0 8*805 + 14*04 ' ' — 


;; 

. 1 14,B..pt. 15.5'^-156”C.| — 

+ 17 

^-sylvic 

,, taurica 

20 j 0*861 at 19” C. 

- 75*9" 

1 a-sylvic 

,, BtrobuH 

. 1 Similar to that of or- | — ; 

' dinary pine 

— 

a-sylvic 

Larix sibirica 

14*3 : 0*870 at 19” C. 

- 14*3 

)3-sylvic 

Abies „ 

. , 20 1 0*8751 at 19” C. ! 

35*6 

non- 

crystalline 


B (TSCHIRSCH). 


S4mwe Ole<i-Resiu. 

KsBential 

t)il. 

Per cent. 

1 

Uoilina* ^ 

Oil. ! 

Index of 
Refraction.* 

Optical 

Deviation. 

Pinus sylvestris, Kussiah 

15 

1,55-163' 0*840 

1*473 

-t- 16*1 

„ luaritima, P'rench 

1 28-29 1 

160-175 0*865 

1*466 i 

i -37*5 

Larix Europea, Venetian 

1 15-16 1 

165-170 0*872 

1*467 i 

i - 18*1 

Pinus Larioio, Austrian . 

1 35 

156-160 0*872 

1*466 

- 38*6 

Pioea vulgaris, Burgundy pitch 

32-33 ! 

I — — 

! — 1 

i — 

Pinus palustris, Amerioan 

20-22 ; 

1 155-172 0*864 

1 1*470 

+ 6*9 



CHAPTER VIII. 

DISTILLATION OF Tl'UPENTlNK. 

Valuation of Crude Turpentine Oleo- lies in : Froick Method.— Thu 
oleo-resin as it is freshly exuded by the maritime pine is a transparent 
liquid, but soon becomes turbid, milky, and viscous in contact with 
air. The commercial article has the consistency of honey, is turbid 
and f^ranular. After prolonged deposition it forms two layers, the 
upper a limpid, thick liquid, the lower, solid, exhibits under the 
microscope a mass of small granular crystals. This deposit redis- 
solves on heating and does not reappear for some time. Bordeaux 
turpentine oleo-resin possesses a somewhat unpleasant smell and a 
hitter, nauseous taste. (h*ude turpentine olco-rcsin yields on an 
average the following products: Turps, 18 per cent: dry resin, 70 
per cent ; water, 10 per cent; solid impurities, 2 ])er cent. 

The solid impurities consist of sand, sliavings, (hihris of wood and 
hark, pine needles, inst^cts, etc. The value of tlie turpentine is 
evidently in a direct ratio with its percenhige of marketable products 
(of superioi’ quality spirits of turpentine and of pale rosin free from 
dust, dirt, and grit). In tlui same wav it is in inverse proportion to 
the amount of water and solid impurities whicli not only usurp the 
place of useful products hut render th(,* clarification in the turpentine 
stills dillicult and tedious, absorb heat, char, and darken the rosin. 
A technical valuation includes four determinations: (I) spirit, (2) 
rosin, (3) water, (4) solid impurities. Oleo-resins collected on tlie 
ground by the au ernt method contained solid impurities, shavings, 
sand, etc. Hugues' turpentine is chiefly sophisticatcMl by water to 
increase the bulk. [By Hugues’ turpentine is meant th(< oleo-resin 
collected by the French cup and gutter system of which Hugues was 
the inventor.] Tepid water mixes well with the oleo-resin by ener- 
getic stirring. Unscrupulous collectors profit by the fact. When 
the barrels have come a long way the excess of water renders the 
resin fluid, and when “dumped ’’ into the sU^re vats of the factory it 
falls with a peculiar choppy sound, by which the fraud can be de- 
tected. But if the oleo-resin has only come a short journey, and 
without shaking or jolting, the fraud is diflicult to detect. Fraudulently 
added water may be detected by plunging the naked arm or a piece 
of polished or smooth wood into the oleo-resin. If the oleo-resin 
adheres but little to the arm or to the wood, water has l)een added 
thereto. But this rule of thumb test gives no idea of the extent of 
the adulteration, and may occasion errors of over 5 per cent. A 
systematic examination of the crude turpentine oleo-resin is diflicult ; 

(75) 
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the whole mass oannot be tested and the difficulty in obtaining a 
fair average sample will be at once perceived. This difficulty is not, 
however, insurmountable, and ought not to stand in the way of the 
moral and material advantages vrhich the turpentine trade has the 
right to expect from the chemical control of the raw material. By 
taking two or three samples by a long-handled dipper from each 
barrel as its contents are being “dumped” into the factory tanks 
a fair average sample representing the bulk -may be obtained. The 
oleo-resin may also be sampled in the barrels by inserting through 
the wide bung-hoh* of the barrels a sort of cheese- taster drill, consist- 
ing of a tube 4 in. in diameter and capable of being closed at the 
lower end by means of a turning-plate riveted on a tringle rod rising 
up to the toj) of the drill. 

Storimj tha Oleo-Iieain at iko, Turpanlim DistiLlerjj. — In fine 
weather the l)aiTels of oleo-rcism are sometimes emptied directly into 
the stills. More often the oleo-resin is stored in tanks, 3 feet deep, 
placed 50 to 80 feet from the factory, built of ashlar or made of bricks, 
covered with tiles and fitted with iron doors, all to provide against 
fire. The bottom is made of puddled clay, on which is a layer of 
concrete, covered by a coat of cement, or by tiles. The whole inside 
surface is then coated with rosin oil. Over the top of the tanks are 
cross pieces on to which the barrels to be discharged are rolled. 

Chanjimf the Turpentine StiLU with Oleo-ltesiin. — The oleo-resin 
is shovelled from the tanks into trucks, in which it is run to the 
stills. In winter the oleo-resin hardens and is detached by a shovel 
reddened in the fire, a dangerous practice which may cause fire. In 
any case, it darkens the oleo-resin and induces evaporation of the 
spirit, already diminished (1) by exposure on the “ quarres,” (2) in 
the collecting cups, (3) in the factory storage tanks. The latter should 
be closed with only sufiicient ventilation to keep them fresh. 

Estiniation of Water and Impurities. — About 100 c.c. (say 92 
grammes) are weighed into a flask, 92 c.c. turps added, and the 
whole heated on the water-bath. The fluid mass is run through a 
flannel filter which retains solid impurities which are washed with 
spirits of turpentine and weighed. The filtrate separates rapidly 
into two layers, (1) a varnish floating on the top of (2) a layer of 
water wliioh is measured in a graduated test-glass on foot. Separa- 
tion is rapid, with U c.c. of turps for every gramme of oleo-resin to 
he tested. 

Direct Estimation of Spirits of Turpentine, — The most accurate 
method is by expelling the spirits of turpentine by gradual heating 
to its boiling-point, 156° C. (312° to SIS'* F.) and to aid mpid expul- 
sion by injection of a current of steam. By dry distillation almost 
constant results are obtained provided the temperature be watched 
and the natural water in the oleo-resin utilized. The soft resin is 
run into a glass flask fitted (1) with a thermometer graduated from 
50° to 200° C. (122° to 392° F.),(2) a bent tube connected with (3) a 
condenser. The flask is heated on a sand-bath. Both water and 
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spirit almost all pass over between 95® to 100® C. (203® to 212® F.), 
(To get the last trace over the thermometer is allowed to rise to 150® 
to 156® C. (302® to 318®*4 R), carefully watching the heat so as to 
avoid bumping between 110® C. and 130° C. (230® to 302® R). The 
spirits and water are thus measured. The residue of rosin and solid' 
impurities is weighed, filtered, and the increase in weight of the filter 
washed with turps, or better, benzene gives the percentage of solid im- 
purities. By this direct method tliere is always a risk of overheat- 
ing which may partially transform the rosin into rosin spirit which 
may pass over in the distillate along with the turps. 

Gabriel Col's Tests . — The volatile botlies are expelled (1) by 
heating with steam, (2) by carrying over the turps by injecting a current 
of steam. The apparatus, all in bronze, includes (1) a jacketed cylinder 
slightly inclined on its support to aid the exit of the rosin. Steam 
circulates in the circular jacket 1 1 inch wide. (2) A V steampipe open- 
ing in one of the bottoms heats the interior cylinder ; (3) a perforated 
pipe for steam injection into mass to be distilled ; (4) a charging hopper 
ending in the inside cylinder which can he closed l)y a joint of sheet 
asbestos tightened by a strap screw ; (5) a door or sluice for discharg- 
ing the rosin ; (6) a pipe and continuation with dome for carrying off 
steam and turps and for the return to tlio cylinder of the most 
volatile portions ; (7) a coil condenser ; (8).a metal pressure gauge ; (9) 
an expansion vessel for steam of heating coils closed by valve or 
automatic joint. Process . — The apparatus is heated by steam in the 

circular jacket only ; the steam is then turned otT, and a given weight 
of the oleo-resin to bo tested, say 800 to 1000 grammes, is introduced, 
the hopper closed, steam, 1 kilo per sq. cm., again turned on to the 
jacket, and the valve at the exit of the expansion vessel is regulated 
so as only to evacuate condensed water. The flow from the mouth 
of the coil is kept up by bringing the pressure gradually to 3, 4, 5 
atmospheres. At about 4 atmospheres the water in the pleo-resin is 
completely driven over a point, which may be ascertained by ex- 
amining the condensed liquid. The water is collected and weighed 
Betw’een 4 to 5 kilogrammes per sq. cm» of pressure the injection of 
water is commenced and gradually increased by means of an entrance 
valve carrying a movable index in front of a graduated circle. When 
the water from the condenser shows no more globules of spirit the 
test is finished. The injection is stopped and tlie rosin heated for a 
minute before being evacuated through the sluice door on to a wire- 
gauze filter. Finally the apparatus is cleaned of traces of solid 
matter by further injection of water into the interior of the cylinder. 
Each test lasts 15 to 20 minutes and gives the percentage of (1) 
spirits, (2) water, (3) rosin, and (4) solid matter in the crude 
oleo*rebin. Much useful information is got by ihe manufacturer 
testing his deliveries. Such tests afford a substantial basis for pur- 
chasing contracts. Again, besides throwing light on the process to be 
followed in manufacture, a previous test enables the final results to be 
anticipated, but there are difficulties in the way of buying according 
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to the percentage of spirits of turpentine and rosin and on the market 
value of these two prc^ucts. At the outset it is necessary to inquire 
into the nature and extent of the sophistication and frauds to which 
the oleo-resin is subject. Some of these lie to the charge of the 
distiller himself who supplies the collectors with casks of greater 
capacity than their face value. The unit adopted in France is the 
chalosse Imrrel, supposed to be of 340 litres, about 75 gallons capacity. 
But the actual capacity of the casks lent is said to be 346 to 348 litres, 
say 76 to 76^ gallons, and sometimes 350 to 355 litres, say 77 to 78 
gallons. Sale by weight would give a solid foundation to the trade 
and would assure the collector of evident good faith, and the dis- 
tiller then would have more power to suppress the numerous frauds 
on the part of the seller, such as barrels not completely filled, barrels 
closed by too big a plug of moss retaining I to 4 lb. of oleo-resin, 
addition of about 5 per cent of cold water or of about 5 to 1 0 per cent 
of hot water, of white clay to increase the cohesion of the water- 
logged oleo-resin, of sand and shavings, or the withdrawal of a portion 
of the spirits by continuous evaporation. The proprietor and the 
collector have each an individual interest in delivering the largest 
quantity of crude product in virtue of the payment in kind lease in 
force between them. 

The yield of spirit or essential oil depends on the season during 
which the oloo-resin is exuded, the age of the pine, the soil in which 
it grows, the solar heat, the aspect of the forest and its general sur- 
roundings, etc. The old pines of the dunes yiel.d an oleo-resin which 
hardly contains more than 35 kilogrammes (say 77 lb.) of water per 
barrel, whilst the young pines of the small wastes yield sometimes 
more than 45 to 48 kilogrammes (99 to 106 lb.). The following were 
figures given by a Landaise distiller. If, for instance, we fix the 
gross profit to the turpentine distiller at 15 per cent, we can easily 
get the price of the resin from its composition, e.g. take an oleo- 
resin yielding 20 per cent of spirit and 70 per cent of rosin. The 
spirit being quoted 56 francs and the rosin 1 2 francs per 100 kilo- 
grammes, the price of the resin delivered at the factory could be cal- 
culated thus : — 

Franca. 


20 kilogrammes of spirit of turpentine at ’50 francs . 11-2 

70 kilogrammes of rosin at -12 francs .... 8-4 

Gross value of 100 kilogi-ammes of oleo-resin . . lO’O 

Deduct 15 per cent on 19*6 francs . . . . 2-94 

Net value of 100 kilogrammes of oleo-resin . . 10-60 


Punfication of Turpentine Oleo-Pesin : Open Pan Method . — The 
purification of the crude oleo-resin includes (1) melting; (2) clarifica- 
tion ; (3) decantation and straining. (1) Melting . — The oleo-resin is 
melted in open, cylindrical, copper pans, 64 feet wide, 20 inches deep, 
with a slightly concave bottom, with a 4-inch perch. They contain 
about 330 gallons. The pan is filled from a truck or barrow, and 
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heat is applied, very gently, as in melting tallow, whilst a workman 
stirs the mass, continually, so as to distribute the heat uniformly. 
The temperature should not exceed 90*^ to 100” C. (194® to 212" F.), and 
the heat is stopped, directly it begins to boil, as soon, in fact, as the 
shavings, hitherto swimming about, are carried to the sides of the 
pan by the current of liquid. (2) Clarification . — To clarify the 
mass, the fire is quickly withdrawn. Some even throw water on the 
fire and on the bottom of the pan. If this rather difficult operation 
be successful, the fluid mass separates, in four jor five hours, into 
several layers, shavings and bark on the top, a layer of oleo-resin 
underneath, and coloured water on the bottom, along with a deposit 
of earth and sand. (3) Decantation and Straining . — The shavings 
and bark may be separated by passing the oleo-resin through a 
straw screen, or, better, through a wire-gauze sieve. The oleo-resin 
is run out, through holes at different levels, or through a movable 
pipe, with a square elbow inside the pan. The pan usually has no 
orifice, arid is emptied gradually by a dipper. The sand and dirt 
are run on to a sieve placed above a tank. In this tank there 
slowly forms a lower layer of coloured water, and a layer of inferior 
grade oleo-resin. Pitch and tar are recovered from the residual, 
resinous sand and dirt. In a factory with a still of the capacity of 
one barrel, making ten distillations a day, it is better to use two prepara- 
tory pans of five l)arrel8 than one of ten barrels capacity. With small 
pans the heating surface increases, the boiling is done quicker, and 
the mass deposits more rapidly. One pan, therefore, is prepared on 
the previous evening for next morning’s work, and the second pan is 
got ready between two and three o’clock in the morning for the 
afternoon’s work. 

Purification of Turpentine Olco-Hesin : Close Pan Method . — To 
avoid loss of spirits of turpentine by the evaporation incidental to open 
pans (2 to 3 per cent), Droniart, in 1857, designed a close pan, fitted 
with an agitator and movable trap-doors, allowing the introduction of 
oleo-resin without moving the lid. The trap is opened by manipulat- 
ing a lever to allow the oleo-resin contained in the feed vessel to fall 
into the pan. A circular gutter, filled with water, makes a hermetic 
joint with the lid, which is provided with a rim filled with cold water. 
Two workmen stir the mass by working another lever. After three 
to four hours a thermometer indicates 85® to 90® C., and when tested 
through a trial hole in the lid a jet of steam blows out. The fire is 
put out, the melted mass cooled by adding through the trap one or 
two boxes of oleo-resin. The stirring is quickened, after which it is 
allowed to ’stand for twelve hours and decanted to a certain depth 
from the bottom through pipes for the purpose. When the oleo- 
resin is too poor in turps to settle out well, it is mixed in a hermeti- 
cally sealed jacketed pan with 6 per cent turps. Spent steam is 
injected into the jacket at 80® to 100° C. and the vapour disengaged 
condensed. The hot paste is run into large decantation vats fitted 
with lids with hydraulic seals and connected with a condenser. Three 
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layers form after twenty-four hours : (1) A muddy deposit of organic 
and mineral matter. (2) A middle layer of brown water. (3) An 
upper layer of turpentine oleo-resin fluid, enough, to be strained and 
so freed from wood particles. But, instead of diluting the oleo-resin 
with spirits • of turpentine to bring it to a normal density, Dalbouze, 
a constructing engineer of Dax, proceeds in an inverse manner. He 
increases the density of the water by adding soda crystals. His pan 
is a Dromart’s pan heated by a steam jacket and a steam coil. The 
mixing is done by an agitator With a vertical axis driven by a pulley. 
After fusion and clarification the lid with the hydraulic joint is raised, 
the mass skimmed, and the purified oleo-resin decanted into a close 
vessel. Lapeyrere simply eliminates solids. The water thus remains 
after straining mixed with the oleo-resin. The turpentine oleo-resin 



Fio. 0.— Dorian’s pun. G, p.an for heating crude oleo-rcKin; D, lid raiseil by 
pulley; .T, hydraulic joint; C, Hteani jacket ; VV', ateam; T, aieve ; M, montejuH ; 
R IV R" R'", taps. 

is crushed between rolls heated with tepid water. The oleo-resin is 
melted in two wrought-iron pans by a steam coil connected with a 
pipe fitted with a sluice valve. The second pan has a wire-gauze 
sieve cleaned by an agitator with horizontal blades. The melted 
mass is run into a third pan with three fine sieves from which it 
passes to the stills. Dorian Brothers, Junior, make a melting pan 
(Fig. 9) of steel plate, 7 feet 6 inches with 40 inches of useful 
height. The lower part has a double bottom with a space C of 
about 2^ inches between the two through which steam is led from V. 
It is closed on the top by a lid D with a hydraulic joint J which 
guarantees liquefaction in a closed vessel. The melted oleo-resin is 
simply strained in T and fed into the still by a montejus M actuated 
by steam pressure. It is a closed cylinder of the capacity of one 
ban'el, fitted with two pipes R" R'", the one of 0‘07 metre (2} inches) 
in diameter R'" intended for lifting the oleo-resin and reaching to the 
bottom of the cylinder, . and the other R" fixed on the top of the 
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receiver and leading to the escape steam. The raising of the oleo- 
resin is so rapid that three seconds suthce to run the 840 litres in 
the cylinder into the still. In Dorian'a process, as well as in 
Lapeyrere s, the turpentine oleo-resin retains the adventitious water 
present in the resin. The elimination of this water can, moreover, 
be dispensed with, since water is injected into the resin during dis- 
tillation. In the preceding processes everything is melted ; the 
most fusible portions are thus superheated, hence great increase of 
fuel expenditure, loss of spirits, and blackening of the rosin. Larti- 
(jau avoids agitation, allows the heavy portions to descend, and de- 
cants the light portions as they melt. lie uses two superimposed 
jacketed pans fitted with steam coils. The light particles are de- 
canted from No. I through a constantly cleaned sieve. In No. 2 
the solution of the lumps which the fluid portions have been unable 
to dissolve is completed. 

Turpentine in Paste Form. “ Artijlciai" I'enice Tnrj)entinc (p. 59). 
— The turpentine oleo-resin obtained as described is sometimes used in 
industry as turpentine paste after dissolving it in rosin oil ; 1400 lb. of 
turpentine oleo-resin are mixed with two petroleum casks of 180 kilo- 
grammes (896 lb.) of blonde rosin oil from the middle runnings, 
ileat is applied very gently for two hours, the heat being withdrawn 
before boiling, as soon in fact as the mass is warm. If overheated 
the liquid primes like milk and runs over. Paste turpentine may be 
obtained by exposing the resin to the solar rays. Fusion then only 
occurs slowly but superlicially. Turpentine paste is used in the 
making of varnish, paints, and sealing-wax. The total quantity 
made is unimportant and is possibly marketed as Venice turpentine. 

French Methods of Distillinj Crude Turpentine Oleo- Resin (a) over 
a Xahed Fire. — The objects of the distillation of crude or purified 
turpentine oleo-resin are : A. The separation hy heat and condensa- 
tion of the water and essential oil, liquids which in virtue of (1) their 
insolubility in each other and (2) of the differences in their densities 
rapidly separate into two superimposed layers. JI. The production 
of a residual product well freed from water, filtered on its discharge 
from the still, and yielding rosin of different grades according to its 
depth of colour. 

TABLE XVII.— CliASSlFICATlON OF THE Dll’KEHENT METHODS OF 
DISTILLING TUlll’ENTINE OLEO-HESIN. 

Distillation of crude oleo-j 
resin i 

After purification 

By naked fire 
By steam 

By injection of water I 

By mixed injection i 

By steam injection j 

Under normal pressure 
Under reduced pressure ' 


6 


Substances distilled . 

Heating by . . • f 

Water added to the dis- J 

tilling mass as . . y 

Pressure in still . . ! 


Crude turpentine 
Pure turpentine 

Wood oi coal 
By steam 

Liquid water 
Liquid w'ater and steam 
Steam alone 

Atmospheric pressure 
Partial vacuum 
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Stills working under reduced pressure i-equire complicated vacuum 
plant and perfect tightness which renders their use hardly economical 
Almost all the stills, therefore, have their exits in the air, and the 
pressure to balance is 760 millimetres. Now according to a well- 
known physical law, a liquid boils when the tension of its vapour 
equals or overcomes the atmospheric pressure which it supports. 
If spirits of turpentine be distilled alone it boils at a temperature of 
166“ C. (312'8°F.;, a temperature at which the vapour of the essential 
oil equals the atmospheric pressure. Pure spirits of turpentine boils 
at 166“ C., but the commercial oil at 169“ C. (318*2” F.). If water be 
heated by itself alone, it is at the moment when it has reached 
100“ C. (212“ F.) that the vapour disengaged possesses a tension cap- 
able of balancing the atmospheric pressure. But if a mixture of 
spirits of turpentine and water be heated at any given temperature, 
the individual tensions of the two vapours combine, and the total 
tension of 760 millimetres is reached at less than 156“ C. (312*8“ F.), 
and even at less than 100“ C. (212“ F.), (Dalton's law). The following 
results on the tensions of (a) steam and (5) of steam and the vapour 
of spirits of turpentine are due to Kegnault. The third column of 
tensions is deduced from Dalton’s law, by iulding together the indi- 
vidual tensions corresponding to spirits of turpentine and water. 

TABLE XVIII.—TENSION («) OF STEAM, {!>) OF SPIIUTS OF TEKPEN- 
TINE, (c) OF SPIUITS OF TIJUPENTLXK PLUS STEAM. 


1 

Totnperuture. 

steam. 

1 

1 Spirits of 

1 Turpentine. 

Mixture of 
Turpentine Water. 


0-40 i 

0-20 

o-co 

DO'’ 

.)2*o4 

1 y-10 

01-04 


7<r00 1 

1 10-10 

80-10 

140-^ 

27()'70 1 

1 40-40 

318-10 

mr 


OO-oO 

413-00 


a.w-io I 

1 70-0 

— 


This hible shows that from 90“ to 100“ C. (194“ to 212“ F.) the 
tension of the vapours from the mixture of spirits of turpentine and 
water increases from 61 to 89 centimetres. There thus exists, 
between 90“ to 100“ C. (194“ to 21 2“ F.), a temperature in regard to which 
the tension of the mixed vapours is 76 centimetres. This temperature 
as found in actual practice is about 95“ C. (203“ F.). So, in distilling 
pure turpentine oleo-resin, the essential oil distils at 156“C. (312*8“ F.), 
but by adding water the spirit distils about 95“ C. (203“ F.). The 
injection of water therefore has a double advantage, as it lessens the 
fuel expenses and obviates the high temperatures which darken the 
rosin. If too little water be used, the temperature rises; if too 
much, the fuel expenses increase. The temperature rises, moreover, 
as the proportion of oil in the still diminishes. When the distillate 
ceases, the rosin must be heated to a temperature a little above 
169® C. (318*2“ F.) in order (1) to drive over the last traces of 
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essential oil, which otherwise would leave the rosin rather viscous ; 
(2) to run off the injected water, which would give the rosin an 
opaque appearance. Besides water the still contains dry products, 
which boil at 220'* C. (428° F.), the tension of the vapour of which can 
be neglected at the temperature at which the mixture of turps 
and water distils. The vapour tensions in Table XVIII may be repre- 
sented graphically ; each point of the cqrve of the tensions of turps 



Fifi. 10. — Grapliical representation of resuHs tabulated in Table XVIII. 
Water - . - . Water and Turps Turps alone 

and water is got by taking as ordinates the sum of the tension of the 
turps and water at the given temperature. Veze examined the dis- 
tribution of the spirit in the condensed liquid. By distilling turps 
and water, 573 c.c. of turps are obtained per litre of distillate, say 
57*3 gallons per 100 gallons. By distilling rosin and water the 
yield of turps is nil. In distilling turpentine oleo-resin the yield in 
turps constantly decreases between the limits given. 

TABLE XIX.— FRACTIONAL DISTILLATION OF 100 C.C. OF A MIXTURE 
OF .50 C.C. TURPENTINE OLEO-RESIN AND .50 C.C. OF WATER. 



Tempertiture of the 

Turps in ftallons 
IHjr 100 gallonH of 
Distillate. 

Fiuctionti. 

1 Vapours. 

10 c.c. 

97 

46-3 

20 c.c. 1 

97*5 

400 

30 c.c. 

9S 

3.50 

40 c.c. 

98*.5 

290 

•50 c.c. 

990 

l«-0 
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The Still . — ^The Landaise naked fire still inoludes (1) feeder, (2) 
body of still, (3) still-head, (4) condenser. The feeder (1) is capable 
of holding a still charge of ol^o-resin boiled or machined. The oleo- 
resin is melted in the feeder by a return flame which can be passed 
at will underneath it. Loss by evaporation is prevented by a hermetic 
trap. The melted oleo-resin runs into body of still through a pipe 
with tap. The body of still consists of three copper pieces : (1) a 
flat bottom, slightly bomb-shaped towards the interior, 10 to 15 mm. 
thick, fitted with a high collar ; (2) body of still riveted to bottom 
3 to 4 mm. thick ; (3) crown riveted to body of still fitted with a joint 
in the form of a gutter in which the still-head rests. The body of 
the still has two orifices : (1) the feed pipe which descends to within 
16 inches of the bottom; (2) the pipe for discharging the rosin 
placed on a level with the bottom and closed by a wooden plug held 
in a handle. The body of the still is in the form of a truncated cone 
40 inches deep, 40 inches in diameter at the base, and 30 inches in 
diameter at the top. It holds 66 to 88 gallons, and the charge is 55 
to 66 gallons. The still-heads are either dome-shaped or flat. The 
flat form facilitates the exit of the vapours . The still- head rests on 
two joints, one on the top of the body of the still, the other at the 
top of the serpentine condenser. On the upper part of the still-head 
a copper vessel is fixed, fitted with a tap discharging into the still. 
The slope of the lower face of the still is 1 in 20. The serpentine 
condenser consists of five or six superimposed spirals round a 
circle 6J feet in diameter. This coil is placed in a vat of cold water ; 
its length is about 130 feet, its diameter 8 inches at the entrance, 
diminishing gradually and imperceptibly to 2 inches at the exit. The 
condensing surface equals 11 to 12 square metres. The distillate runs 
into a tank, where the water and turps separate. The latter has a 
strong resinous taste and must be led far from dwellings to prevent 
well pollution. Knowing (1) the temperature of the vapours 
emitted, (2) the temperature and weight of the liquid distillate, turps, 
water, rosin^ and the heat absorbed, the amount of cooling water to 
supply can be calculated. But it is necessary to bring into the cal- 
culation the specific heats of rosin (0'46), of spirits of turpentine (0’47), 
and of water (I'O), as well' as the heat of vaporization of spirits of 
turpentine, 69 calories, and of water, 437 calories. Dromart in this 
way calculated that for a vat containing 6000 litres of water at 10“ 
C. the quantity of water to supply is about 400 litres per still charge 
of 250 litres of turpentine. Practically this figure, he says, appears a 
little low if the condensed liquid is not to exceed 20“ C. (68“ F.). The 
pipe for leading in the water must always open in the bottom' of the 
vat, and the taps are so regulated that the quantity of water which 
runs in equals that which runs away. For this a second vat or reser- 
voir into which the water is pumped is necessary so as to be able to 
regulate the entrance of the water into the condenser. The quantity 
of water may also be regulated by maintaining the temperature of 
the condensed liquid at about 20“ G. (68“ F.), and the temperature of 
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the water running away at about 70® C. (158® F.). The condensation 
of the vapour seems to be complete after the first convolution of the 
coil, and the succeeding spirals simply cool the liquid. The calcula- 
tion, however, shows a consumption of 40 kilogrammes (88 lb.) of dry 
wood per charge, the kilogramme producing 3000 calories, of which 
1500 are utilized. This useful heating effect fails (1) on account of 
the bad plan of the furnace, (2) because of the small extent of heating 
surface in proportion to the weight of matter to be vaporized. The 
body of the still is hardly heated except on the bottom, the flues 
arranged round the calandria quickly corrode the metal and are of but 
little use. If the capacity of the still be doubled so as to bring it to 
680 litres (150 gallons) the heating surface per 100 kilogrammes of 
substance is still further decreased and is insufticient for the easy 
cleansing of the still from rosin by injection. The body of the still, 
moreover, is completely enveloped in masonry and preserves a heat 
which prevents the condensation of the spirits before it passes into 
the still-head. The masonry work includes a furnace closed by two 
doors, the one for stoking, the other for removing ashes. The furnace 
is 1 metre in height (3‘28 feet) by 1 metre in length. The grate is 
half-way up and in front. The useful surface is 4 square metre. The 
flame impinges on the bottom of the still and the gas escapes by 
two flues, a bifurcated one either passing or not under the feeder, 
the other passing under a pan where water may be boiled for mak- 
ing yellow rosin. Some distillers have tried to substitute coal for 
wood as fuel. Hero are some results got in 1901 in a Bordeaux-Brienne 
factory : — 

Frant'rt. 

50 bundleH of wood at 0%35 franc each 17*5 

45 kilogrammeR of coal at 3 franoH per 100 kilogrammcK . 13’5 

Daily difference lor 14 barrels 4*0 

With good wood the difference decreases, and the two methods 
are about equal in economy. From the point where the products 
begin to flow from the condenser the distillation comprises the 
following phases : — 

f Incondensable gases issuing as white fumes. 

' I Water only. 

1. Before Injection -! Water and green spirit, first runnings. 

I „ colourless spirit. 

V Colourless spirit only. 

( Water spirit and middle runnings. 

Water and yellow spirit, last runnings. 

Injection water only. 

•j 4 T • i- ( Disappearance of condensed products. 

3. After Injection { cookiSg of the roeln. 

The rosin from one charge is run off, the liquefied oleo-resin in 
feeder is run into still and fire urged. The heat being uniform 
throughout the mass the first portions distil green from copper salts 
on stilL sides. Water and colourless turps then distil By and by 
the water decreases, then spirit alone flows in small jet. 
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At this point the mass is boiling and making a dry, harsh noise. 
As soon as the flow of water has ceased and tumultuous l)oiliDg makes 
itsdf heard, the workman injects tepid water into the pan taken from 
the top of the condenser vat. As soon as injection is begun the fire is 
urged. The intensity of firing and the quantity of water injected 
should always be reciprocally regulated. If the temperature rise too 
high the noise of boiling is louder, the relative amount of water in 
the distillate diminishes, and the distilled spirit is red. If too long a 
delay occur in increasing the injection, when the water is forced in, a 
considerable amount of steam is disengaged, which not being able to 
effect a quick enough passage through the stiU-hoad escapes through 
the joints. 

If the temperature bo too low the injection water is only partially 
vaporised, and the excess produces globules which break up and 
cause explosions wliich are, sometimes, but rarely, ^so^violent as to 
blow off the still-head. ]^t low temperature distillation is slow, and 
the mass sometimes froths and primes. Towards the end yellow 
spirit distils, then water alone. The spirits from the first and last 
runnings are collected together (but apart from the middle runnings) 
in an earthen jar. They may be rectified, but generally they are 
added to the next charge of the still. The spirit from the middle 
runnings is milky. It clarifies naturally after a few days’ standing 
in the tanks, wlien it is stored in cylindrical vessels of wrought 
copper protected from light. When water alone distils injection is 
stopped. The still-head is removed l)y a pulley or by hand and the 
rosin run out through the bottom pipes. Each charge takes 60 to 80 
minutes. Injection begins after 1 5 to 20 minutes, and it takes 50 to 60 
litres of water for 1140 litres of oleo-resin (say 5 to 6 gallons per 34 
gallons), producing 60 to 75 kilogrammes of spirit (60 to 75 lb. per 34 
gallons). So as to work more rationally Dromart uses a pyrometer 
in the body of the still. Oi’dinary thermometers would soon be 
broken by the sudden rise from 40" C to 140" C. They may, how- 
ever, be protected by a copper sheath. Dromart’s pyrometer con- 
sists of an iron tube fitted to a cast-iron cell filled with mercury and 
dipping into the oleo-resin which is being distilled. The mercury sup- 
ports a float fixed to a steel rod inside the iron tube. The top part of 
the rod moves a mobile lever in front of a graduated arc. The weight 
of mercury to place in the cell is determined by boiling water in the 
body of the still and adding mercury until the needle of the dial is at 
100. In distilling witli the pyrometer the water contained in the 
oleo-resin is first distilled off, then injection is started at 135" C. 
The heating and injection are so regulated as to keep the temperature 
between 135" and 160" C. If pyrometers do not get into immediate 
equilibrium with the temperature of the substance being distilled, 
and if they give no warning of tumultuous boiling, yet they are useful, 
and every oleo-resin distiller should use one as a guide to the progress 
of the distillation. A second guide is the proportion of water in the 
distillate, which ought not to vary much whilst the middle runnings 
are being distilled. A third guide is the noise of ^e still during 
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boiling, easily heard by placing the ear on the handle of the plug 
which closes the round discharge pipe. Sluices . — The tap placed 
between the feeder and the body of the still involves a gap in *the 
masonry, and to discharge the feeder rapidly the pipe must have 
a great slope and the tap a wide mouth. The tap is therefore in 
many distilleries replaced by a sluice wrought by a lever. At the 
end of the distillation the still-head must be lifted off so as to let the 
rosin run out at atmospheric pressure. This may be obviated by 
fitting to the still-head a pipe with a valve which is opened to let in 
the air. . This pipe is also very useful to follow the noise made by 
the boiling mass. The condensing surface is increased by placing 
the descending pipe from the still-head in a semi-cylinder tmversed 
by a current of water. The serpentine sometimes bifurcates 8 inches 
from the top to re-unite near the orifice. A tap is fixed on the pipe 
(which conducts the water to be fed into the still) 8 inches above the 
funnel so as to regulate the water injected into the still. The heat 
required to vaporize this water removes much caloric from the 
resinous mass, the fire must therefore be urged and then the excess 
of heat diminished by injecting more water. This entiiils delay and 
irregular working in distillation, drawbacks obviated by a steam jet 
from a perforated pipe spreading the steam over the bottom of the 
still. If it be purified oleo-resin that is being distilled injection is 
begun sooner than witli crude oleo-resin. After about 10 minutes 
steam injection is regulated by a valve within easy reach of the distiller. 
If the temperature be too high water is injected along with the steam, 
but generally water is only injected at the end of the operation so as 
to dry the rosin by the greater heat. Excellent results are thus 
obtained. The heat keeps under, the rosin is pale, the operation is 
shorter, 40 to 50 minutes. A well-distilled charge takes 50 kilos (20 
water, 30 steam). When rosin is low in price the crude oleo-resin is 
mostly distilled with water. 

{b) Steam Distillatiou of Spirits of Turpentine . — If the greatest 
care be not taken in the naked fire distillation of the oleo-re»5in the tem- 
perature of the resinous mass rises to 180" to 200 (’. with the following 
bad effects : the woody fibre in crude oleo-resin is charred and the 
rosin, already darkened by the overheating, still further discoloured, 
whilst a portion of the rosin is distilled over as rosin spirit and rosin 
oil, lowering the value of the spirits of turpentine. Naked fire dis- 
tillation is difficult to regulate, and only somewhat small quantities 
can be distilled at a time. Fire risks are numerous. These draw- 
backs are obviated by steam distillation, but even that method itself 
is not pk’fect. The plant is dear, redemption and depreciation heavy, 
and a big supply of raw material not always to be had owing to baid 
means of transit, and the greater number of steam-distilling plants 
involve previous purification of the resin. Again, the additional com- 
mercial value is small and little economy of fuel is effected. The 
rosin is difl&cult to dry. But if an ample supply of oleo-resin and 
fuel be available, steam distillation yields purer and finer spirits than 
over a naked fire, the rosin is not overheated and the distillation U 
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simple and easily regulated, requiring no special training and there is 
less risk of fire. Purification and distillation of 3 metric tons (6600 lb.) 
of oleo-rosin requires 860,000 calories, obtained from 1300 kilogrammes 
of saturated steam at 160° C. drawn from a boiler of 9 square metres 
of heating surface and producing 11 kilogrammes of steam per square 
metre in 12 hours. One kilogramme of pine wood yields 2J kilo- 
grammes of steam at 6 atmospheres. By the steam process alone *'380 
kilogrammes (1276 lb.) of wood are used for 3 metric tons (6600 lb.) 
of oleo- resin, whilst in naked fire distillation 600 to 700 kilogrammes 
(1320 to 1 540 lb.) are burnt for the same amount of oleo-resin. There 
is little economy in wood fuel, but the economy is greater with coal. 
Dorian’s distilling plant consumes 12 francs (say 10s.) worth of wood 
for 15 barrels of oleo-resin. 

With a well-regulated temperature naked fire distillation may 
yield rosins quite as transparent and pale as steam distillation pro- 
duces. The oleo-resin is coloured beforehand, and the heat of the still 
under normal conditions has no effect. Without a pyrometer the 
temperature sometimes reaches 200° C. (392° F.), and then the rosin is 
burnt. But this is due to carelessness and not to the method of 
distillation. Henry Violette, one of the pioneers of steam distillation, 
says steam at 100° C. (212° P.) passing through spirits of turpentine 
brings the latter in its train. Steam heated to 100°, 200°, 300° C. en- 
trains a proportion of spirit which varies but little in each instance 
and which is at a maximum in the case of 150 parts of spirit by 
volume per 100 parts of steam. Saturated steam at 3 atmospheres, 
or even steam superheated to 160 to 200° C., completely deprives 
turpentine oleo-resin of the 18 to 20 per cent of spirits which it 
contains. With steam the spirits is limpid like the purest water 
and gives the highest yield. The rosin is whitish like wax. If this 
yellow oleo-resin be deprived of its water either by careful evapora- 
tion or, better, by passing a current of superheated steam through 
the mass heated to 200° (392° F.), a dry, very pale, limpid rosin is 
obtained. Violette estimates that 100 kilogrammes (2 cwt.) of steam 
are required to distil 100 kilogrammes (2 cwt.) of raw material, a 
hectolitre (22 gals.) of cold water at 10° C. to condense the mixture of 
water and spirit from 100 kilogi-ammes of crude resin, and a condens- 
ing surface of 0’05 metro per cubic metre (metric ton) of cold water to 
be furnished during the distillation. Col says the expense of steam 
distillation per 1000 kilogrammes (metric ton of 2200 lb.) of crude 
resin is distributed thus : — 

TABLE XX.— COST OF IIKCOVEIUNG SPIRITS OF TURPENTINE FROM 
1 TON (METRIC) OF OLEO-RESIN. 


Kxpeiiillture im 

Francs. 

M. 

d. 

Labour 

.H-25 

2 

3-2 

Fuel 

3-2.') 

2 

3-2 

Packing and storage of dry products ! 

! “>00 

4 

0-0 

General expenses . . . . { 

1 2-00 

1 

72 

Total (9 per cent on purchase price) | 

18-50 

10 

3-6 

----- 
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Steam factories are advisable for large quantities of oleo>resin, but 
for small works, disseminated in the forests and only working 2000 
barrels annually, naked fire distillation, with mixed injection, is most 
advantageous. ^loreover, steam factories have not increased during 
the last ten years. 

; , [b^) DisUllation of Purified Oleo-Hesin. — Violette installed, about 
1860, at the Hume factory, near Bordeaux, two sots of steam distilla- 
tion plant, one for the purified, the other for the crude resin. The resin 
is purified by the ordinary naked fire process, then it is led into a 
copper cylinder, surrounded liy an insulating cover of ashes, contained 
in a wooden vat. The cylinder (Fig. 11) has (1) a manhole c for feeding 
it with oleo-resin ; (2) a rosin discharge pipe d; (3) an injection 


Flo. 11. — Violette’H steam -heated 
still for distilling puritied 
turpentine oleo-resin. 




Fio. 12. — Violette’s turpentine oleo-resin 
still (steam-heated). 


apparatus of eight pipes ; (4) an exit pipe for the vapours e. The 
cylinder holds 6 cubic metres and is charged with 4000 kilogrammes 
(4 metric tons) of purified resin. When the distillate contains no more 
spirit, superheated steam 150 to 200“ C. (302 to 392 F.) is run into 
dry the rosin. Tf the residue be sUghtly opaque, it must be transformed 
into yellow rosin, by agitating it briskly with water. The superheater 
is really a reverberatory furnace on the sole of which are laid four 
pipes, 4 metres in length. The joints are repaired through gaps. 
The hearth is lateral, and a very moderate covered fire, the expense of 
which is insignificant, keeps the steam at 160 to 200 C. (302*392 F.). 

(6^) Distillation of the Cnule Oleo-Resin—To work by steam alone 
Violette dispenses with purification, and introduces the oleo-resin 
directly into an egg-shaped vessel (Fig. 12). The inferior cupola body 
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of the Still is jacketed and is fed with exhaust steam. The crude oleo- 
resin^ 4000 kilogrammes, say 4 metric tons, is fed in through the door 
e, the vapours escape in /, and the rosin is evacuated by the pipe J, 
closed by a plug fixed to the rod (j. Inside the still are (1) a steam 
coil lor heating fed through n ; (2) eight steam injection tubes, 
terminating in a rose, and fed by a pipe IL^ encircling the still ; (3) a 
pipe leading the steam, taken from the bottom of the coil, into the 
steam jacket ^ 9 . The condensed water is run otf through the tap 2, 
or by the small coil r, placed round the pipe j. Before distillation 
the oleo-resin is melted by circulating heating steam alone. After 
two hours the mass is melted, steam is injected and distillation 
starts. After eight hours’ fiow the operation is finished, and the still 
only contains rosin, containing a little water which is eliminated 
by stopping the injection and passing the steam through the coil as 
long as water issues from the condenser pipe. 

Like Violette’s factory, Labalayo’s at Manco Becquet (Monte de 
Marsan) with a large still has been wrought by steam for a long time, 
over forty years. The crude oleo-resin is previously purified by steam ; 
30 hectolitres (GOO gallons) of crude oleo-resin are run into the 
still No. 1, of iT) hectolitres (990 gallons) capacity, and are heated in 
the afternoon for an hour and then let stand till morning. The steam 
given off during this first heating passes through a valve to a 
condenser, a bell of 2 to 3 hectolitres (44 to 46 gallons) capacity 
watered from the top. After this partial condensation the vapours 
are completely liquefied in a long coil in a vat of 300 hectolitres 
(6600 gallons) capacity. 9'he purified oleo-resin got in the still No. 1 
is next morning run into still No. 2, which is boated until the spirit is 
completely expelled. Steam is injected into still No. 2 only. The 
steam from the boiler is kept at a pressure of 4 or 5 atmos})heres 
which gives for heating and injection a temperature of 146' to 165® 
C. (293® to 311' F.). The two stills are heated by coils with return of 
the steam to the boiler. When distillation goes on in No. 2, No. 1 is 
isolated by closing a No. 1 valve, and when No. I is at work the No. 1 
valve is opened and the corresponding No. 2 valve closed. The 
turpentine residues from No, 1 still yield black rosin, whilst the 
residue from the distillation of the turpentine oleo-resin itself in 
No. 2 still yields pale rosin. 

Gabriel Gal's Turpentine Olco-liesin Steam Still is cylindrical, end- 
ing, top and bottom, in two truncated cones. The small base of the 
upper cone carries (1) a feeding hopper, holding a whole charge of say 
420 kilogrammes (924 lb.) ; (2) a copper goose-neck connected with a 
condenser ; (3) accessories : steam pipes, safety valve, thermometer, 
and pressure gauge. The body of the still includes an inner vessel, 
completely surrounded by a steam jacket of 4 '6 kilogrammes of pres- 
sure, which ascends round the feeding hopper. The interior of the 
still contains a steam coil and a rose injector. The lower cone is a 
trap for discharging the rosin. The still is heated by dry steam only, 
carefully freed from any condensed water by passing through a sheet- 
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iron vessel provided with an automatic discharge. The rosin being 
run out the still is immediately closed, 611ed with purified resin, 
melted in the hopper. By opening a trap, carrying an index, moving 
round a gi'aduated arc, the distiller applies injection steam gradu- 
ally and the temperature increases regularly during the whole course 
of the distillation, rising from 82^* C. to 153'" C. (179 6 to 307 ’4“ F.). 
At the condenser exit there appears successively (1) incondensable 
gases ; (2) a small quantity of green spirits ; (3) pure spirits which may 
be sold as rectified ; then, towards the end of the distillation, (4) 
yellow spirits. The coloured spirits of the first and last runnings are 
collected in the same vessel, and are utilized in the purification of the 
oleo-resin. The distillation takes about forty-two minutes, of which 
six are preparation, eighteen flow of spirits, and eighteen to extract 
last traces of volatile products. At the end of the operation the 
injection is stopped and the resin run into a truck. One sot of this 
plant distils the turps fiom 7000 kilogrammes (74 tons) of purified 
oleo-resin in twelve hours. 

Dalbouzc's copj)er steam still is shaped like C'cl’s, a cylinder 
ending in two cones, heated by a steam jacket up to two-thirds its 
height, l^he inner body has numerous vertical steam pipes. The 
heating steam reaches 0 to 0 atmospheres, 150 (/., and a charge 
takes forty-five minutes to distil. 

(ravmoj' Still is a horizontal cylinder, lieated by a steam jacket 
and copper coil. The still is charged with crude oleo-resin softened 
by a slight heat, or with completcdy purified oleo-resin. The still, 
holding 50 kilogrammes of crude oleo-resin, is heated to 158^ C. 
(31d*4“ F.) with (i kilogrammes ])er square centimetre steam. No tlier- 
moraeter is used. Distillation takes one hour and twenty minutes, 
and injection is regulated by examining the distillate. Tlie goose- 
neck is prolonged by a condenser containing 100 pipes traversed by 
a very rapid current which shortens the condenser coil. Towards 
the end of the operation the commimication between the coil and the 
condenser may be cut, into which cold water is run, whilst the steam 
is urged up to 1(30° C. (320° F.). The cold water passing through the 
tubes condenses the vapours and prcxluces partial vacuum in the still 
which facilitates the dehydration of the rosin which is discharged on 
to an oscillating filter. 

Dorians Steam Still is simple, substantial, and gives good results ; 
economizes fuel by returning the condensed water from the heating 
steam direct to the boiler instead of letting it run away in pure loss 
or even leading it to the boiler feeding tanks. It consists of ( 1 ) a 
steam boiler ; (2) a still ; (3) a condenser. The boiler feeds still by 
pipe on steam dome, not going beyond 6 kilogrammes per square 
centimetre. The still includes (1) an oleo-resin feed -valve ; (2) a 
rosin discharge valve ; (3) the prismatic body of the still ; (4) a steam 
jacket ; (5) reheating pipes crossing the body of the still from side 
to side through which steam passes; (6) a dome ; (7) a still- head ; 
(8) a pipe which leads the condensed water from the steam 
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condensed in the still back to the boiler. This return of the 
water is effected naturally. The pressure is in fact equal in the 
boiler and in the steam jacket of the still ; the latter being slightly 
higher the condensed water runs back to the still solely by its own 
weight. The oloo-resin divided into thin layers by the pipes 
quickly begins to distil. Water is injected from a rose with tap 
on the dome. The vapours are condensed by a tubular condenser 
and with an ordinary coil. The condenser consists of long pipes of 
3 to 4 metres riveted on two steel plates. The vapours circulate in 
the tubes surrounded l)y a current of cold water. This condenser 
is so effective that the coil by which it is continued is almost use- 
less. The heating surface amounts to 11 square metres for a still body 
of 350 litres capacity which enables 340 litres of crude oleo-resin to be 
distilled in forty minutes. The cost of a steam factory on Dorian's 
system is much less than by any of the above methods. An instal- 
lation costing 20,000 francs, say £800, includes ; (1) a tubular steam 
boiler with accessories ; (2) a Dorian still of steel plate tested at 10 
kilogrammes of 340 litres of useful capacity ; (3) a rectilinear con- 
denser, a coil, and a refrigerating vat ; (4) a preparatory pan for 
purifying the resin and a montejus ; (5) accessory piping as well as 
the cost of erection and putting in working order. 

Electric 'Method of DistiUhig Turpenthie. — Pine-wood contains a 
series of volatile hydrocarbides with boiling-points varying from 
130' to 250'’ G. The mixture which boils between 155'" and 170" 0. 
forms what is commercially known as turpentine. The principal 
constituent of this turpentine is pinene, with a l)oiling-point of 155" to 
156" C. The process of obtaining turpentine from wood l)y distilla- 
tion is an extractive one, in that the turpentine exists in the wood, 
substantially, in the form in which it is ol)tained, and is not a product 
of decomposition at the time of extraction. At 175" C. the pinene of 
the turpentine begins to decompose into a mixture of lighter and 
heavier hydrocarbides, decomposition being practically complete at 
270" C. It is therefore necessary to distil turpentine within relatively 
narrow temperature limits. If the wood from which the turpentine 
is distilled is not heated enough part of the turpentine will be left in 
it. If the temperature is too high part of the turpentine will be 
destroyed. Many of the products formed in breaking up turpentine 
have strong odours, and a small percentage materially affects the 
selling price that the turpentine produced, as the smell nauseates the 
painter using the turpentine. With ordinary methods of distillation 
in iron retorts it is very difficult to so regulate the retorts that no 
overheating of the external part of the charge of wood takes place. 
It has been known for many years that the fir-wood of the North 
Pacific coast contains a considerable quantity of turpentine, and 
efforts have been made to utilize it as a basis for the commercial pro- 
duction of turpentine. The principal difficulties encountered were 
those inherent in the close regulation of temperature necessary. 
Some years ago the obvious possibility of close temperature regula- 
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tion obtainable with heat from electricity suggested the use of heat 
from electricity in the distillation of turpentine from this fir-wood. 
At Vancouver, British Columbia, a considerable supply of waste fir- 
wood was available, in the form of sawmill refuse ; the electricity 
from water-power was also to be had at a low cost. An experimental 
electric turpentine plant, with a capacity of of a cord, was there- 
fore erected and tested, and subsequently, owing to the favourable 
report of Dr. Bray, of the Massachusetts Institute of Technology, a 
commercial plant, with a capacity of three cords per day, was erected 
and has been in operation at Vancouver since July, 1907. 

The w'ood is filled into oblong “cans,” which are wheeled into 
the distilling shed, picked up by an overhead crane, and dropped into 
a brick retort, forming one of a group which are placed together to 
reduce radiation. The upper part of the can forms a flange, which 
dips into a groove around the top of the retort, tilled with tar, form- 
ing a gas seal when the gas is in the retort. Electricity at 1 10 volts 
pressure is carried through wrought-iron strips threaded through the 
brickwork on both sides of each retort. The current supply for each 
retort is controlled by a switchboard of ordinary type, which also 
holds the direct reading pyrometers, one of which registers the 
temperature at the outside of the can, and one the temperature at 
the centre of the can, showing the maximum and minimum tempera- 
ture conditions. The leads of these pyrometers end in flexible 
extensions on the top of the retorts, which can be changed from 
can to can. The turpentine vapour is taken from the retort, through 
a removable copper outlet pipe. This outlet pipe leads to a con- 
denser which consists of an upright copper pipe, down which a spray 
of water is passed through the ascending turpentine vapour, and 
which terminates in a tank at the bottom. The tank serves as a 
seimrator for the condensed turpentine and water, the turpentine 
floating to the top. The excess water from the spray is withdrawn 
from the bottom of the tank, and the turpentine taken ofif from the 
top of the tank into a storage system. 

The brickwork of the retort, when a can newly filled with wood 
is put in, is about 250° C. The cold can rapidly al)3orbs heat from 
this brickwork, the temperature of the brickwork being kept up by a 
current of 400 amperes, which is passed through the resistance strips 
for about two hours. During this time the temperature at the out- 
side of the can rises from 75° to 130' C., at which turpentine begins to 
come off and at which time the centre of the can is 45' C. The 
current is then shut off, and the temperature of the can slowly rises 
by absorption of heat from the brickwork for two hours longer, when 
the temperature has reached 150° C. on the outside of the can, and 
205° C. in the centre of the can, and the turpentine has been sub- 
stantially all removed. In practice, it is found that from 90 to 95 
per cent of the turpentine in the wood, as determined by analysis, is 
removed during this interval. While the turpentine is coming off 
the pitch in the wood melts and runs down to the bottom of the can 
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and out through perforations, and is collected in the bottom of the 
retort, from which it is drawn off, at the end of the run, into the 
barrels in which it is shipped. 

It will be noted that the temperature of the interior of the can 
at the end of the turpentine run is hotter than the outside. This is 
due to the heat which is beginning to be liberated by the decomposi- 
tion of the hydrocarbides in the wood. At this point the can is lifted 
by the overhead crane from the turpentine retort and put into the 
adjoining retort, a new can of raw wood taking its place in the 
turpentine retort. In its new position, the original can of wood, 
from which the turpentine has been extracted, is connected up by 
another copper outlet pipe to the adjacent condenser. This change 
of retort and piping keeps the turpentine condenser and piping from 
being fouled by tar oil or tar products. 

Owing to the continued decomposition of the wood, the tempera- 
ture steadily rises without further use of electricity, and the resulting 
decomposition gives a product known commercially as “ tar oil,” and 
which comes off as vapour and is condensed. The other product of 
this decomposition is wood tar, which trickles down as the rosin did 
in the turpentine retort, and is collected in the bottom of the tar 
retort. In practice it is found that this tar tends to decompose at 
the final temperature of the tar retort, consequently it is drawn off 
continuously and during the tar-run, into the barrels in which it is to 
be shipped. At the end of three hours of the tar-run, the tempera- 
ture in the centre of the can has risen to 375^ C., and tar oil and tar 
atop coming off. Tlie can is then lifted out and placed on a sand 
floor, which makes an air seal with the lower edges of the can and 
protects from combustion the contents of the can, which now con- 
sists of charcoal. When the can and its charcoal contents have 
cooled, which takes about three houi’s, the perforated bottom is re- 
moved and the can lifted, allowing the charcoal to fall out. This is 
then put in sacks, as required by the trade which consumes it. 

Five products are obtained from the wood : (1) turpentine, and 
(‘2) rosin in the turpentine retort ; (3) tar oil, and (4) tar in the tar 
retort, and a residue of (5) charcoal. The amount and kind of pro- 
duct derived from any particular supply of wood depend upon its 
character. The following will indicate the results which are being 
secured from the British Columbia Coast Fir per 1000 lb. of wood : 
turpentine, 6’7 gals. ; rosin, 108 lb. ; tar oil, d'l gals. ; tar, 68 lb. ; 
charcoal, 323 lb. It may bo noted that this charcoal, being retort 
charcoal and cooled out of contact with air, is tough and suitable for 
special purposes. The amount of wood held by a can varies with the 
quality of the wood, but averages at Vancouver about 1000 lb. The 
electricity used per can is about 90 kilowatt hours, and costs at Van- 
couver 18 cents per can of wowl. The plant is operated by one man 
on each shift, there being two twelve-hour shifts per day. When 
the wood is large, an extra man is employed on the day shift to 
split it. 
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TURPENTINE TESTING AND TURPENTINE SUBSTITUTES. 

The Three Chief Brands of Kpirits of Turpentine. — 1. American 
consists essentially of dextro-pinene. The specific gravity is 0*864 
to 0*866. ])extro-rotatory, varying greatly from + B'’ to + 16"', that 
of pure dextro-pinene being 21*5°. American turpentine is, when 
pure, a water-white, limpid liquid with a peculiar and characteristic 
odour, very distinctive, and readily recognizable. Some samples 
have a faint straw colour, due to the presence of small quantities of 
rosin. It begins to boil at 156° to 160° C. (313° to 320° R), and is 
completely distilled at 170° C. (338° h\), leaving only a small trace 
of residue behind. Some poor grades leave a little resinous matter 
behind, rarely exceeding 2 to 3 per cent. Its affinity for atmospheric 
oxygen is greater than that of French turpentine. The air oxida- 
tion products have a variable rotation, and may be separated into 
two isomers, the one dextro* and the other levo-votatpry, which 
by being mixed in equal quantities produce an inactive vaiiety. The 
spirits of turpentine used for American home consumption would 
appear to be grossly adulterated with petroleum products by the re- 
tailer or middlemen. That exported would, however, appear to be of 
uniformly good quality. American spirits of turpentine consists of 
two terpenes, one levo-rotatory, and identical with that which predomi- 
nates in French spirits of turpentine — levo-pinene ; and the other, 
the chief ingredient, dextro-pinene, which is also found in a state of 
great purity in Piiius khasyana^ a tree indigenous to Jhltish Burma. 
(Armstrong). 

2. French Spirits of Turpentine, — It is levo-rotatory, diflerent 
samples giving generally - 37°. Its boiling-point is more constant, 
and its behaviour is altogether more uniform than the American 
spirit. Terebenthene levo-pinene is, according to Berthelot, obtained 
from French spirits of turpentine by neutralizing it with carbonate of 
soda and then distilling in vacuo. It is a colourless mobile liquid, 
boiling at! 161° C., with a density equal to 0*864 at 16° C. It is levo- 
rotatory [a = — 42*3°]. When heated to 250° C. in a sealed tube, 
it is converted into a mixture of hydrocarbides — the first an isomer 
isoterebenthene CjyHjQ, boiling at 177° C. ; and the second, a polymer 
isoterebenthene C^^Hyo, a viscous liquid. 

3. Russian Spirits of Ticrpentine is very similar to American. 
Like the latter it is dextro-rotatory, and varies from -f 15° to + 23°^ 

(95) 
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the deviation of pure sylvestrene being + 19°. Its density also varies 
from 0*864 to 0‘870 (?). It begins to boil about 155° C., the bulk of 
the distillate passing over between 172° and 176° C., leaving a 
residue which does not distil below 180° C. It has an unpleasant 
odour, simultaneously recalling that of Stockholm tar and rosin spirit. 
Owing to this rank smell neither Russian-Polish nor German spirits 
of turpentine is in favour with painters, upon whom their effects 
are greater than that of the American spirit, producing in some 
individuals headache and great lassitude. Hence its use is not 
general either as a solvent for varnishes or as a paint vehicle. 
Kingzett has given the name of camphoric peroxide to the oxidation 
product of spirits of turpentine. This oxidized product when heated 
with water is said to yield camphoric acid 

Russian turpentine resembles American turpentine in many of its 
chemical properties, such as the action of nitric and sulphuric acids ; 
hydrochloric acid gas gives a liquid product, not a crystalline one. 
Chlorine and bromine act much in the same way. In its degree of 
solubility it is the same. 

Its odour is more marked, especially in the crude grades ; these 
have a brownish tint, but when refined it can be obtained as a water- 
white, almost inodorous liquid. The specific gi-avity of the crude 
is higher owing to impurities and more variable than in the case of 
American turpentine. The higher range of distilling points dis- 
tinguishes Russian from American or French spirits of turpentine. 

llefinimj Hussian Turpentine on (he. Small Scale . — Run the 
Russian turpentine into an untinned steel barrel. Leave space for 
about 1 gallon of water. Get a 1 lb. tin of caustic soda, costing six- 
pence, and dissolve it in a pint of water. Run this caustic lye into 
the barrel containing the turps, screw in the bung, and roll the barrel 
about on the floor or factory yard for. about a quarter of an hour ; tilt 
on end if there be an end bung-hole, let stand over night, and next 
morning siphon off the purified nice-smelling turps from the dregs ; 
give it a wash with tepid water in another clean wooden barrel, let 
settle again over night, and siphon it off for use. The soda lye and 
dregs can be used for making rosinate of soda for drier manufacture, 
so there need be no loss. This will yield a refined Russian spirits 
of turpentine equal to, if not superior to, anything on the market. 

The oxidation of spirits of turpentine is utilized in oil painting, in 
which it is used as a vehicle for thinning-out the paint ; it is also used 
as a solvent vehicle for resins in varnish-making. It is said that the 
greater amount of the oxygen absorbed remains in an available con- 
dition, imparting energetic oxidizing properties which facilitate the 
so-called resinification of linseed oil, i.e. conversion into linoxin. It 
is, however, more than probable that the resinous acids which oxidized 
spirits of turpentine leave on evaporation combine with ,the metallic 
oxides and carbonates of the pigment to form zinc, lime, lead, etc., 
resinates which all powerfully contribute to the binding and dui*ability 
of the film of paint. But when this combination occurs in the paint 
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keg or tin, the so-called liveringof the paint is produced, and that is 
an objectionable feature. 

Tests for Differentiating Different Bramls of S2)ir its of Turpentine 
and Substitutes. — -The following turpentine tests, from an article in 
“ Drugs, Oils, and Paints,” may prove useful in qualitative working : 
In a test tube (size 6 inches by ^ inch) place about 10 c.c. of the 
turpentine to be tested, then add about 10 c.c. of C.P. sulphurous 
acid (not sulphuric), and shako four or five times until the two liquids 
are mixed. Set aside for twenty or thirty minutes to allow to separ- 
ate, then observe the appearance and colour of the two strata. 

American Spirits of Turpentine. — Separation takes place very 
slowly. Upper stratum — Opaque ; milky white colour. Lower 
stratum — Translucent ; milky white. Odour — Slight terpene smell. 

Russian Turpentine. — Quick separation. Upper stratum — 
Translucent ; faint turbidity. Lower stratum — Clear and colourless. 
Odour — Slight jmngent smell. 

Pine Distillate {Dead Wood). — Medium slow separation. Upper 
stratum — Opaque ; light buff colour. Lower stratum — Translucent ; 
yellow amber colour. Odour — Distinot tar smell. 

Pine Distillate {Lh'e Wo()d\ — Medium quick separation. Upper 
stratum — Translucent ; lemon yellow colour. Lower stratum — Clear 
and colourless Odour — Mild tar smell. 

Rosin Spirit. — Medium slow separation. Upper stratum — Trans- 
lucent ; golden yellow colour. Lower stratum — Translucent; creamy 
white colour. Odour — Pungent resin smell. 

Benzine {Petroleum Kajditha). — Quick separation. U pper stratum 
— Clear and colourless. Lower stratum — (>lear and colourless. 
Odour — Sulphurous gas smell. 

Solvent Naphtha {Benzol). — Quick separation. Upper stratum — 
Slight turbidity ; faint yellow colour. Lower stratum — Clear and 
colourless. Odour — Benzol and sulphurous smell. 

Note. — Pine distillate from stumps, dead wood, etc. 

The German Pharmacopoeia contemplates the detection of adul- 
teration of turpentine wdth petroleum, by specific gravity, and by 
means of the solubility of turpentine in 90 per cent spirit. This does 
not, however, help in the case of the petroleum distillate on the 
market as a turpentine substitute, with which oil of turpentine is 
often adulterated. This is best detected with hydrochloric or nitric 
acid. If the sample is shaken up with its own volume of the acid, 
and left to separate into two layers, the following appearances are 
noted. yVith pure oil of turpentine, the hydrochloric acid layer is 
turbid, and the upper layer a pale brown. In the presence of as 
little as 5 per cent of petroleum distillate the acid has a distinct 
brown colour. With nitric acid the acid layer is clear, of a pale 
brown, in the case of pure oil of turpentine, the oil taking a pale 
green tint. In the presence of 5 per cent of petroleum distillate the 
acid becomes a dark brown. 

Effect of Adulteration on the Specific Gravity . — The sophistication 

7 . 
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ol spirits of turpentine vrith petroleum spirit is generally done with 
that fraction which boils at about 155° G. Now the gravity of i^his 
distillate is about 0759; whereas that of recently distilled pore 
spirits of turpentine is about 0*865. Should a sample show a lower 
specific gravity than 0 865, the sample is at all events to be regarded 
with suspicion. Ten per cent of heavy petroleum spirit ill a turpen- 
tine gives a product which has the same specific gravity as a mixture 
containing 27*75 per cent of light petroleum spirit. 


TABLE XXL— CHEMICAL AND PHYSICAL PROPEBTIES OF SPIRITS OF 
TURPENTINE AND ITS ADULTERATION (ALLEN). 



Spirits of 
Turpentine. 

Rnein .Spirit. 

Petrolenni 

Naphtha. 

Shale 

Naphtha. 

Coal-Tar 

.solvent 

Naphtha. 

1. optical activity 

active 

usually 

none 

none 

none 

none 

2. Specific gravity 

860-872 

866-880 

700-740 

700-760 

860-876 

8. Boiling-point 

166- IHO 

gradual 

rise 

gradual 

rise 

gradual 

rise 

gradual 

rise 

4. Action, in the 
cold, on foal- 

readily 

readily 

very slight 

very slight 

readily 

dissolves 

dissolves 

action 

action 

dissolves 

tar pitch 






6. Behaviour with 

homo- 

homo- 

no ap- 

homo- 

homo- 

absolute 

geneous 

geneous 

parent 

geneous 

geneous 

phenol at 20® 

C. i 

mixture 

mixture 

1 

solution 

1 

miitture, 
crystalliz- 
ing on 
i cooling 

mixture 

6. Behaviour on 
agitating B 
vols. with 1 
vol. ol castor 

homo- 

geneous 

mixture 

homo- 
! geneous 

1 mixture 

two layers 
of nearly 
equal 
volume 

like petio- 
leum 

1 naphtha 

i 

oil 






7. Bromine ab- 
sorption dry 

200-236 

1 184-203 

10-20 

60-80 

— 

8. Behaviour 

almost 

1 poly- 

very little 

consider- 

moderate 

with H„SOj 

entirely 

poly- 

merized 

i raerized 

1 

1 

L 

action 

able action 

action 


TABLE XXII.— COMPARATIVE ACTION OF AMMONIA ON PURE AND 
SOPHISTICATED SPIRITS OF TURPENTINE (ALLEN). 


Pure 0*8678. 

Old 0-8003. 

+ 10 per cent 
Rosin Spirit 
0-8784. 

10 per cent Un- 
distilled Tur- 
pentine 0-8784. 

10 per cent. 
Rosin 0-8831. 

No effect, 
mixture 
separates im- 
mediately. 

Solidifies in 
a few seconds, 
forming a 
white crystal- 
line mass of 
the consistency 
, of butter. 1 
1 

1 

1 

An emulsion 
which becomes 
clear ; the am- 
monia which 
separates has 
a pale yellow 
colour. 

1 

« 

An emulsion 
which becomes 
clear on stand- 
ing. A semi- 
transparent 
gelatinous 
magma of a 
bluish colour, 
the liquid 
above being 
colourless. 

Each drop of 
ammonia 
ap^ars to 
solidify as it 
falls into the 
oil. On agita- 
tion the whole 
solidifies into a 
consistent 
semi-trans- 
parent mass. 
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TABLE XXin.- EFFECT OF ADULTERATION ON THE FRACTIONAL DIS- 
TILLATION OF 60 C.C. SPIRITS OF TURPENTINE AND SUBSTITUTES. 


No. of 
Sample. 

1 

let drop 
Ht oc. 

2 

5 G.C. at 
°C. 

3 

10 C.C. at 
«C 

4 

*20 C.C. at 
®C. 

6 

80 c.e. at 
‘’C. 

6 

40 C.C. at 
°C. 

46 C.C. at 
«C. 

8 

Borin. 

Per cent. 

1 

160 


158 

1.59 

169*6 

161 

166 

1*77 

2 

166 

158 

159 

160 

161 

164 

170 

0*98 

3' 

156 

159 

159 

159 

160 

162 

167 

1*41 

4 

166 

159 

159 

160 

161 

163 

167 

0*60 

5 

157 

— 

157 

158 

159 


165 

1*76 

6 

163 



157 

158 

160 

— 

165 

1*01 

7 

J66 

157 

157 

169 

161 

164 

173 

— 

8 

158 

168 

163 

165 

166 

171 

176 

Non-vol. (Ml 
at 2800 

9 

160 

176 

185 

203 

262 

— 

— 

24*22 

10 

126 

— 

168 

176 

198 

288 

— 

' Borin. 

11 

157 

180 

190 

200 

210 . 

— 1 

242 

1*41 

12 

154 

168 

160 

161 

164 

169 

183 

— 

18 

154 

156 

156 

1.56 

157 

159 

161 

— 

14 

152 

159 

162 

168 

182 

208 

285 

1 — 

16 

258 

281 

286 j 

300 

840 

— 

[ — 

— 

16 

156 

171 

182 

202 

230 

253 

288 

! — 

17 

60 

74 

78 

86 

99 

114 

130 

— 

18 

91 

141 

151 

156 

1()0 

164 

171 

— 

19 

75 

lOO 

110 

128 

1.82 

144 

162 



Samples — 1-7 American turps ; 8 rectified Russian turps ; 0-10 rosin spirit ; 11 
turpentine (rosin spirit) ; 12 turpentine with 10 per cent rosin spirit ; 18 
bouKht as rosin spirit, but similar to turps ; 16 “ turpenteen ” petroleum 
product; 16 kerosene, 0*810; 17 petrol, 0*702; 18 turps with 10 per cent 
petrol ; 19 coal-tar naphtha, 0*848. 

Effect of Adulteration on the Optical Deviation . — The optical 
deviation of polarized light induced by its passage through any given 
sample of spirits of turpentine can be determined with sufficient 
accuracy by the Mitscherlich Half-shadow Polarimeter, using either a 
200 mm. or a 100 mm. tube. It consists essentially of two Nicol's 
prisms, one of which A acts as the analyser, the other P as the polarizer. 

Behind the analyser is a small telescope, and behind the polarizer 
a semicircular plate of quartz which half covers the polarizer. Be- 
tween these and the analyser lies the operating tube R. The analyser 
is fitted with a small telescope F. The telescope is focussed on to the 
quartz plate, and the field of vision appears as a circle divided into 
two halves as shown in the figure below. A pointer is attached 
to the analyser, which moves to the right or left on a metal disc 
divided into angular degrees. A vernier upon which ten divisions 
correspond to nine divisions of the disc enables the observer to read 
tenths of an angular degree and estimate twentieths. 

The tube is filled with water, and the zero of the instrument ad- 
justed so that each half of the field of vision is equally illuminated^ 
The tube is then filled with the liquid to be examined, placed in thi^ 
instrument, and after having focussed the plate by means of the tele- 
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scope, the pointer U turned to the right or left according to whether 
the solution is dextro- or levo-rotatory, until both halves of the disc 
are again equally tinted. 



is the only one which coincides with a division of the scale — con- 
sequently the reading is 2*8'’. 

The instrument is constructed for homogeneous light. A sodium 
lamp must therefore be used as the source of illumination. The 
zero point, as in other half-shadow instruments, is found when both 
halves of the field are of the same tint. 


TABLE XXIV.— ACTION OF POLAKIZED LIGHT ON SPIRITS OF 
TURPENTINE. 



Temp, of 

I.imits of 

Signs. 

Rotation 


Olwervatlon. 

Concentration. 

"loj. 

spirits of turpentine, 





American {P. austra- 
lis) ... . 

‘20 

d = 0-0104 

+ 

14-147 

Spirits of turpentine, 





American, alcohol 
Russian {Pimis sil- 

20 

q = 27-7S 

-i- 

14-173 - 




0-0011782 g 

vestris) 

‘24-5 

d = 0-85 

+ 

27-7 

French (P. maritima) . 

20 

d = 0-863 

- 

37-01 

French, alcohol . 

20 

q = ld-90 

- 

36-974 -i- 

„ hemol 




0-0048164 g 
0-00013310 g* 

' 20 

q = 10-90 

- ; 

36-970 + 

1 

„ ac. acetic . 




0-021581 g + 
0-000067627 g* 

20 

q = 10-80 

- 

86-894 -H 





0-024563 g* 
O-OOOlS^g* 
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Effect of Adulteration on the Optical Deviation. — The polarixneter 
has been recommended as an aid to detection of adulteration in 
spirits of turpentine, but its results require confirmation ; by them- 
selves they are unreliable, as there are both dextro- and levo-rotatory 
terpenes. In any case it has been shown to be impossible to distin- 
guish even French (dextro) and American (levo) turpentines by this 
method. 

Utz found that different samples of genuine spirits of turpentine 
from the same source gave such discordant optical deviations in the 
polarimeter that no information as to the purity of any given sample 
could be obtained by polarimetric methods alone. 

According to the formula he gives for estimating the amount of 
the adulterant present, both it and the turpentine have a constant co- 
efficient of rotation. Now this is not the case with turpentine at 
least. Aignan distinguishes three sorts of rosin oil, whose angles of 
rotation are given below : — 

1. Choice white rectified oil . . . . + 72° 

2. Fine white rectified oil + 32° 

3. White rectified oil + 20° 

It is only the first that is likely to be used for the purpose in 
question, and although its rotation is different somewhat from that of 
French oil of turpentine, it could easily be made equal to it by mix- 
ture with some of No. 2. A better test for the detection of rosin oil 
is as follows : The turpentine is distilled under a pressure of 60 mm., 
and the residue left at 100° C. is tested in the polarizing apparatus. 
The rotation with French turps should be to the left, but it will be 
to the right with over 5 per cent of adulteration. 

Zune detects rosin oil by determining the refraction of the liquid. 
He distils 100 o.c. of the sample into four fractions each of 25 c.c. ; the 
last fraction remaining in the flask contains the greater portion of 
the rosin oil. 


TABLE XXV.—EFFECT OF THE ADULTEKATION OF SPIRITS OF 
TURPENTINE ON THE INDEX OF REFRACTION. 



Influx of RefraA'tion. 

French Hpirita of turpentine 

1-47.S03-1-47420 

American „ „ 

1-47282 

Rosin spirit 

1-47491-1-48628 

„ oil 

1-51468-1-68517 

Spirits of turpentine + 2 per cent of rosin oil . 

1-47191 

Last fourth of distillate 

1-47908 


The refractometric method (Zeiss) is an extremely valuable method 
of examination, for the refractive indices of different turpentines differ 
over a very small range (1*470 to 1*473 at 50J° C.), and this, therefore, 
forms a good basis for the detection and estimation of adulteration. 
The specific gravity (vide supra) is almost an equally good deter- 
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mination, but is sometimeB difficult to carry out on small amounts, 
though quantities as small as 1 c.c. can be employed by the use of 
special tubes. The Abb4 refractometer gives also the dispersion 
vrhioh is sometimes of use. Both the specific gravity and refractive 
index of the saturated hydrocarbons are distinctly less than those of 
the terpenes, but the specific refractivity, depending upon both these 
factors, reduces the difference between the two classes of substances, 
as the process is one of division. To accentuate the difference 
Bichardson devised a formula depending on the multiplication of 
these factors. The gravity of turpentine was about *864, and of 
petroleum about *801 ; the refractive index of turpentine is about 
1*473, and of petroleum about 1*444. For the calculation of specific 
refractivities the Gladstone and Dale formula may be used, as there 
seems to be no very great advantage in using the more complicated 
Lorenz formula. 

Utz found the index of refraction (20'’ C.) of the fractions of (1) 
American and (2) Russian spirits of turpentine distilling at 150^ C. to 
be 1*4164 and 1*4282 respectively. The fraction of the American oil 
boiling at 270° C. had an index of 1*4440, that of the Russian oil 
1*4394, boiling-point 170° C., and 1*4422, boiling-point 180° C., whilst 
that of American and French spirits was found to be 1*4698 and 
1*4714, a German sample giving 1*4748. 

TABLE XXVI.— INDEX OF REFRACTION OF HFIRITS OF TURPENTINE 
AND ITS ADULTERANTS. 




At 15^ C. 

At-26M*. 

Tui’pentine . 


1-4708-1-4735 



American tui-pentine . 

1-4729 

1-4668 

lluBBian „ 


1 4747 

1-4688 

Roain Bpirit, sp. ({v. 

•80G . 

1-4488 

1-4429 

11 11 

•8,51 



1-4649 


•867 . 

1-4741 

1-4678 


•902 . 

Over 1-4895 

Over 1-4895 

Mineral oil „ 

■7897 . 

l-437r» 

— 

„ Anier. „ 

•82.5 . 

1-4613 

1-4576 

99 19 99 

99 99 99 

•835 . 

1-4684 

1-4646 

•865 . 

1-4840 

1 1-4806 


•885 . 

Over 1-4895 

j Over 1-4895 

„ Scotch „ 

■840 . 

1-4714 

1 4675 

„ Rusb’ii „ 

■9058 . 

1-4942 

— 

11 11 

•9066 . 

1-4943 

— 

Mineral oilB. 

. 1 

— 1-4776-1-4980 

— 

Rosin oils . 

! 

— 1-5-274-1-5415 

— 


Yeze, Eustace, and Meline use the refractometer to determine the 
normal adulterants, rosin oil and rosin, and the abnormal adulter- 
ants, petroleum oil, shale oil, petroleum spirit, benzene, carbon di- 
sulphide. Each test includes (1) the distillation of 250 c.c. fraction- 
ated into five fractions of 50 c.o. ; (2) the determination of the indices 
of refraction of fractions 1, 3, and 5 with Zeiss’s butyro-refractometer 
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to four exact decimal places ; the indices are included between 1 *42 
and 1*49 ; (3) the calculation of the percentage of adulterant ac- 
cording to the values found for the indices index of refraction 
No. 1*, w* index of lot No. 3, and n* index of lot No 5. 

3 = and A = tv* - w*. 

By testing a prepared mixture they determined the ratio between 
the weight of the adulterant and the values of B and A thus : — 

Hoain oil per cent H - A - 0*0032 

00037 

Petroleum spirit per rent Kst>. 5 - 0 0007 

0 0024 

For calculating the percentage of petroleum oil, shale oil, petroleum 
ether, benzine, carbon disulphide, similar foniiuhe liave been worked 
out. According to these authorities wo ought in any case to get 
A < 0*0125 ami 0*0000 < 5 < 0 0010. 

TABLE XXVII.— ABNORMAL OPTICAL ROTATION OF SIX SAMPLES OP 
AMERICAN SPIRITS OF TURPENTINE. 



, l 

“ 

3 

4 


! “ 

Speoitic gravity at 15*5^ , 

! 0-8(i8 I 

0*800 

1 0-8085 : 

0 870 

i 0*8075 

0 8675 

Optical rotation 

1 -r j 

- 7® 

1 - ; 

- 0" 

1 - 0® 

- 8® 

Refractive index at 20'’ . 

1*4721 

1 4719 

1 1-4720 ' 

1*4711 

, 1*4725 

1 4722 

„ „ of lirst 10 per 

1 


1 


1 


cent distilled 

i 1 470U 

1-4700 

1 409!i ‘ 

1*4098 

1 1*4700 

1*4098 

Boiling-point . 

1 150® 

155® 

150® 

157® 

! 155® 

150® 

Distilled below 100® per cent . 

! 43 

1 45 

44 

15 I 

1 44 

44 

M M Ido® 

! 00 

89 

: 91 i 

88 ! 

i 90 

91 

„ M 170" 

04 5 

! 94 

94 i 

93 1 

i 95 

93 


No petroleum and no resin spirit was present, and so far as the vari- 
ous colour reactions can be at all relied on, there were no indications 
of so-called “ wood turpentine It is probable that the abnormal 
optical rotation is due to the presence of a large amount of spruce 
turpentine, to which no very great exception need be taken. In 
general properties there are no differences to be noted between these 
oils and normal ones (“ The Oil and Colour Trades Journal "). 

Detection of Petroleum in Turps by Burton s Method . — Petroleum 
may be detected in turps by Burton’s method : Run into a cooled 
flask attached to a vertical condenser 300 c.c. of fuming nitric acid 
of density 1'40. Drop slowly through a separating funnel into the 
flask (kept as cool as possible) 100 c.c. of the turps to be tested. 
Violent reaction ensues. The spirits of turpentine dissolves in the 
acid whilst the floating petroleum is removed by a separating funnel 
and measured. 

With a petroleum addition boiling at 250“ C.. 34 T per cent were 
got instead of 35 per cent, and when the boiling-point of the added 
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petroleum was 75° and 20 per cent of it were added, the analysis 
gave 17*9 per cent only, and 28 per cent when 30 per cent were 
present. A very similar process is described by Allen, who, however, 
uses 400 C.C. of fuming nitric acid instead of 300. An older method, 
proposed by Armstrong, depends upon the fact that oil of turpentine 
is polymerized by strong oil of vitriol, and converted for the most 
part into products which are not volatile in a current of steam. But 
as oymene is also formed in varying proportions similar to the paraf- 
fins, and like them, stable against sulphuric acid, the fuming nitric 
acid test is to be preferred to the vitriol test. 

Action of Snlphnric Acul . — For the detection of petroleum pro- 
duots in turpentine Prof. Armstrong recommended treatment 
with sulphuric acid, which polymerizes the turpentine but does not 
art'ect paraffins. H. Herzfeld recommends the following process : 10 
C.C. of the sample to be examined are slowly run into 40c.c. of con- 
centrated sulphuric acid. After ten to twelve hours 8 or 9 per cent 
of the turpentine separates, and the lower layer is dark brown in 
colour. The lower layer is run off, and 3 or 4 c.c. of fuming sul- 
phuric acid is added to the residue. If the sample is pure not more 
than ‘1 or '2 c.c. of the turpentine will again separate. If mineral oils 
are present, the amount which separates will be much larger. Rosin 
o'ls and coal-tar naphtha cannot be detected by this test, as they are 
affected by the sulphuric acid. 

Moreover, Scottish and other shale oils and spirits are far from 
consisting wholly and solely of paraffins. When, therefore, spirits of 
turpentine is adulterated with shale spirit, Burton’s test must give 
quite fallacious results, as Scottish shale products abound in olefins on 
which nitric acid acts energetically. Nitric acid also acts energeti- 
cally on certain of the constituents of Russian petroleum. 

In a paper read before the Society of Public Analysts, J. H. 
Coste recently expressed the opinion that the process of polymeriza- 
tion and sulphonation proposed by Armstrong is in every way prefer- 
able to the various drastic methods suggested by later workers. 
A. K. Turner (in “The Oil and Colour Trades Journal," 15 August, 
1908, pp. 503-6) states that the results by Armstrong’s method ob- 
tained are invariably very low — at times as low as 20 per cent below 
the truth. Coste, in a further paper, read at a meeting of the Society 
of Public Analysts, draws attention to the fact that Turner there ad- 
duces the results of experiments with mixtures of kerosene and tur- 
pentine in which the amount of unpolymerized steam distillate is 
considerably less than the amount of kerosene actually present. He 
then states : “ Apart from the fact that the experimental details 
differ materially from those described by Armstrong, the distinction 
made by that author between petroleum oil and petroleum spirit has 
been neglected. Armstrong, after stating that an exact distinction is 
difficult, adopts for the purposes of his paper the term ‘ petroleum 
spirit ’ for the portion of petroleum distilling in steam at the ordinary 
pressure, and ‘ petroleum oil ’ for the portion which is not so distil- 
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labl& Kerosene, an unusual adulterant, and one which is easily de- 
tected by practical distillation, is a mixture of substances only some 
of which can be distilled in steam.*’ Details are then given, show- 
ing that kerosene only contains approximately 60 per cent of steam 
-distillable oil, and that this only leaves about 5 per cent when treated 
us described by Armstrong. He proceeds : “ The process adopted by 
Turner, of shaking with concentrated sulphuric acid, and measuring 
the separated top layer, which he calls petroleum, is more violent 
than Armstrong’s. It may, as he states, yield results which approxi- 
mate to the amount of petroleum added — in fact, ‘it appears to do so ; 
but these results are only due to a happy compensation of errors.’" 
•Coste concludes his paper by stating that “ he still maintains that 
Armstrong’s method, based as it is on sound scientific principles, is 
eapable of giving excellent results if propeily used — that is, if the 
petroleum oil be determined by distillation of the original sample in 
a current of steam, and petroleum spirit by polymerization of either 
the distillate from this process, or another portion of the original ". 
But Coste seems to base his arguments upon the unsound data that 
petroleum spirit consists wholly and solely of paraffins. 

The Detection of Petroleum in Spirits of Turpentiim . — Boehme 
recommends the following method for detecting and determining the 
presence of petroleum and benzol in oil of turpentine or turpentine 
substitutes : 20 c.c. of a mixture of 1 volume of fuming and 3 of 
concentrated sulphuric acid are placed in a 40 c.c. liask, the neck 
of which (10 c.c.) is graduated in fifths of a c.c., and 10 c.c. of the oil 
under examination are run in, the mixture being kept cooled, and the 
flask set aside for an hour when admixture is complete. At the end ’ 
of this time the flask is tilled up with concentrated sulphuric acid 
until all the .separated matter is contained in the neck of the flask. 
After standing for two to three hours the insoluble portion (petro- 
leum hydrocarbons) floating on the top is examined by the refraction 
test. The amount of insoluble matter furnished by pure oil of tur- 
pentine under the above conditions averages about 0*9 c.c. per 10 
C.C., and the following results will imiicate the presence of the amount 
of petroleum hydrocarbons specified: Separation of about 1*25 c.c. 
is equivalent to 5 per cent by volume of petroleum oils, 1 '70 to 10, 2*00 
to 15, 2*50 to 20, 2*80 to 25, 3*35 to 30, 3’75 to 35, 415 to 40, 
4*50 to 45. If the amount is less than 1*80 c,c., the refractometer 
test is necessary, since some samples of oil of turpentine have been 
known to furnish 1*60 c.c. under the above treatment. In the 
refractometer test the insoluble matter from pure oil of turpentine 
should give a higher refractometer index than the original oil, where- 
as that from a sample adulterated with petroleum or benzine gives 
a lower reading. Eosin oil and camphor oil produce no change in 
this respect. The test is liable to fail when benzol and petroleum 
hydrocarbons are present in certain proportion, the one neutralizing 
the effect of the other. The determination of benzol in oil of tur- 
pentine by means of sulphuric acid is unreliable, different strengths 
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of the aoid either attacking the benzol or poAymerizing the oil of tur- 
pentine ; and the Sohreib^-Zetsohe faxHnine method is little better 
when resin oil is present, thou^ ft will give good results for benzol 
and petroleum distillate otherwise. Boehme recommends a mixture 
of 10 c.c. of potassium hiomide solution, and 10 o.a of dilute sul- 
phuric acid (1 acidf 9 water). A sample containing equal parts of 
oil of turpentine and benzol gave the bromine value [grammes of 
bromine per e.c. of liquid] 1*115, whilst that of the turps used was 
2*25, to that the calculated proportion of benzol amounted to 49*56 
percent 

The Effect of Adulteration of Spirits of Turpentine on its Solubility 
in Glacial Acetic Acid. — The insolubility of petroleum in acetic acid 
may be used to detect petroleum in spirits of turpentine. Dunwoody 
uses 99 grammes of glacial acetic acid and 1 gramme of water. 
Absolute acetic aoid (02H^02) mixes perfectly in all proportions both 
with oil of turpentine and petroleum. But the above mixture, although 
it gives a clelar solutTon with its own weight of spirits of turpentine, 
will not do so with petroleum. Table XXVIII shows how much 99 
per cent aoid is required to dissolve the undernoted mixtures of 
petroleum and turpentine : — 


TABLE XXVIIL— AMOUNT OF 99 PER CENT ACETIC ACID TO DISSOLVE 
MIXTURES OF TURPS AND PETROLEUM IN VARIOUS PROPORTIONS. 


- - ' 

— -- 

— 

-- 


— *■ 

.. — 




0.0. 

0.0. 

0.0. 

c.c. 

0.0. 

0.0. 

0.0. 

Petroleum 

1 

2 

a 

4 

5 

7 

8 

Spirits of turpentine 

9 

8 

7 

6 

5 

a 

2 

Aoetio aoid. aqueous, re- 
quired for solution 

40 

60 

80 

! 110 

loO 

230 

270 


P. H. Conradson tests turpentine for petroleum by evaporating 
50 0 . 0 . of the sample down to 1 to 2 c.c. on the water-bath. If the 
sample be free from petroleum the residue dissolves in 9 to 10 per 
cent of glacial acetic acid, but if 10 per cent or more of petroleum be 
present the mixture remains turbid and separates into two layers. 

Biohardson has pointed out that the glacial aoid dissolved 
petroleum as well as turpentine, and that no separation could be 
obtained without the use of a certain amount of water, and that 
with varying proportions of water the operator could obtain 
almost any figure he pleased, and when the conditions were so 
arranged that the correct results were obtained, this was not a satis- 
factory separation, as each of the phases contained both turpentine 
and petroleum. For acetic acid of 99 per cent strength, it was shown, 
however, that the temperature at which the mixture became clear 
had some significance, but it was only suggested as a qualitative test, 
and not recommended for quantitative work. A very similar state of 
affairs was found when methylated spirit was used, as in the case of 
acetic aoid. Any result that was desired could be obtained by suitable 
dilution, and as the correct results were therefore only obtained by a 
compensation of errors, the figures were of no practical utility. 
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Determining Adulteration in Spirits of Turpentine by its Thermal 
Beactions with Bromine, etc. — Hiohardson tried to devise a melhod of 
obtaining a thermal value for these oils, but he found that bromine 
gave too violent a reaction, and when diluted with eurbon tetra* 
chloride gave results which were inconclusive. The use of antimony 
tri-ohloride had, at first, appeared very pronuting, as with any one 
turpentine the amount of admixture of peirdleum hydrocarbons could 
be accurately measured, these latter having no thermal value ; but 
this method had unfortunateljr proved to be useless on account of 
large and curious difierenoes in the thermal value of different samples 
of pure turpentine^ even with the same iodine value, so that a very 
different table would be required for each turpentine. 

Effect of Adulteration of the Iodine Value of Turps and of its 
Fractional Distillatuyn Products, — The iodine value is the most reliable 
chemical test for adulteration in turpentines, the pure spirit having a 
value of 370 and the adulterants of 1 to 20, according to the proportion 
of olefines. The Han^us’ method was found to give very unaatiabM- 
tory results, and the Hdbl and Wijs* methods give the best results. 
As this value is affected considerably by changes in temperature, a 
method of correction has been proposed in which olive oil is used as 
a standard, and by its variations a factor is obtained which can be 
used in the calculation of the iodine value of spirits of turpentines. 

Effect of Adulteration on the Bromine Value of Spirits of 
Turpentine. — According to the “ Pharmaceutische Zeitung^' the best 
test is that with bromine. 100 grammes of pure oil will take up 
254 of bromine. The best American and French oils will take up 
230 grammes. To apply the test, dissolve 1 or 2 grammes of the 
oil in chloroform and add a solution of 5 grammes of potassium 
bromide and 10 c.o. of hydrochloric acid. Then titrate with a 
standard solution of potassium bromate until no free bromine is 
present. Some of the commercial turpentine substitutes take up no 
bromine, and all of them take up much less than the genuine oil. 

Schreiber and Zetsche apply a similar test. Thus 1 c.o. of the 
sample is made up to 50 c.c. with 90 to 95 per cent alcohol ; 20 c.c. of 
this solution are run into a gas cylinder with stopper of 75 c.a 
capacity, 20 c.o. of a bromine salt solution and 20 o.c. of dilute 
sulphuric acid 1 : 3 added and shaken for half a minute. If the 
sample be pure complete declorization will take place. If it does 
not do so, the sample as a suspicious one is to be further examined. 
The test should be carried out in daylight and at a temperature of 
20® C. The bromine salt solution is made by dissolving 15 grammes 
of potassium bromate and 50 grammes of potassium bromide in a litre 
of water, the bromine estimated volumetrically and the solution ad- 
justed to 40*5 grammes per litre. Pure spirits of turpentine has a 
bromine value of over 2 grammes of bromine per c.c. oil, pure, but 
resinified spirits of turpentine may, however, have a bromine value 
of less than 2. On bromination of their fresh distillates they never- 
theless give correct bromine values of over 2. 



i08 THB MAyUFACTUBB OP VABNIBHBS, 

TABLE XXIX:-BROMINE VALUES (ADDITION AND SUBSTITUTION) OF 
COMMERCIAL TURPS AND TURPS SUBSTITUTE (VAUBEL). 



SubHiitutiun. 

Addition. 


Substitntioti. 

Addition. 

American 1 


118-2 

236-4 

1 Russian 2 

IIM 

22-2 

„ 2 


115-9 

•281-8 

j Ordinary Polish 

98-7 

197-4 

.. 8 


117-5 

235 

! Polish 

111-1 

222-2 

French 1 . 


118-4 

236-8 

1 German . 

110-8 

221-6 

» 2 . 


113-3 

226-6 

, Pinoline F 

21-1 

42-48 

Grecian 1 


120-6 

241-2 

1 „ S and L 

45-24 

90-48 

» 2 


116-2 

232-4 

i » G 

18-84 

37-68 

Austrian . 


117-H 

235-6 

1 Rosin oil K 

32-61 

65-22 

Indian 


116-7 

233-4 

1 „ Pale . 

39-12 

78-24 

Cnide DAB 

iv’. 

111-6 

223-2 

1 „ Dark . 

56-85 

113-70 

Oxidized . 


111-06 

222-12 i 

1 Substitute ultra 

5-61 

11-22 

Russian 1 . 


98-4 

196-8 

Terebentha 

4-8 

9-6 

n 2. 


98-7 

197-4 

j Hallol . 

I 

53-50 

107-0 


Effect of Adulteration of Spirits of Turpentine (m its Flash-Point . — 
The presence of petroleum spirit lowers the flash-point, and renders 
its determination impossible at the ordinary temperature of 15® C. 
(59° F.). White spirit does not seem to affect the flash-point, 
whilst rosin oil raises it in direct proportion with its percentage 
content. 


TABL?: XXX.— EFFECT OF ADDITION OF WHITE SPIRIT, ETC., ON 
FLASH-POINT.i 


Pure spirits No. 1 20*5° C. 

„ No. 2 20*3° C. 

„ No. 3 29-5° C. 
Slightly old spirits 29*9° C. 

Spirits No. 1 + 

M + 


Spirits No. 1+2 per cent 
»* + '5 ,, 

» + 10 „ 

»» + 1*5 »» 

2 per cent white spirit, 29*0° C. 

5 „ „ 29-5^ C. 

+ 10 „ ^9-0'’ C. 

+ 15 „ „ 29-2® C. 


Rosin oil aO'3® C. 
„ 31*2° C. 

„ 32-2'> C. 

„ 33-2'' C. 


The nature of the adulterant may be detected by means of their • 
oxidation products under the action of light. Two fractions of the 
sample to be tested are placed under similar conditions (temperature, 
evaporation, etc.), but one is exposed to light, the other is kept in 
darkness. 

Effect of Adviteratimi of Spints of Turpentine with Rosin Spirit 
on Colour Reaction of First Fractions with HCl in Presence of Tin . — 
Grimaldi determines the presence of rosin spirit in spirits of turpen> 
tine by fractionally distilling 100 ao. of the sample over a blue gas 
flame, collecting the fractions at intervals of 5® C. up to 170° 0. 
To the first five fractions an equal volume of hydrochloric acid is 


^ The low flash of the pure spirits is due to the French testing instrument 
giving lower results than the Abel tester. 
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added slowly and without agitation, and a small granule of pure tin, 
and kept in a water- bath for five minutes. They are then shaken 
and returned to the water-bath. The presence of resin spirit (pinolin) 
is indicated by a green colour which varies according to the percentage 
of rosin spirit present, whereas spirits of turpentine or mineral spirit 
gives a yellow to brownish -black coloration. This test reacts with 
5 per cent of rosin spirit. 

Halphens Test, — Further, one drop of each fraction is tested 
by mixing it in a porcelain basin with 2 c.c. of Halphen s reagent 
(sulphur in CS.^) and a little melted phenol dissolved in carbon tetra- 
chloride (1 in 4). A trace of bromine vapour is allowed to fall on 
the liquid, and in the presence of rosin spirit a lemon yellow passing 
to a malachite green colour will develop within half a minute. 
Operating on 500 c.c. of spirits of turpentine and testing the first 
20 C.C; of the fractionation, resin spirit can be detected in a spirits 
of turpentine containing only 1 per cent. 

Detection of Dissolved Rosin in Spirits of Turpentine, — By mixing 
turps containing dissolved rosin with an aqueous solution of potassium 
carbonate after standing for some hours, three layers are to be observed : 
(1) a colourless upper layer of pure spirit; (2) a deep yellow middle layer 
of rosin soap, water, carbonate, and turps ; (3) a coloured lower layer of 
the excess of aqueous solution. By comparative testing of the sample 
against a pure sample containing 10 grammes of rosin per litre in 
graduated tube we get the volumes V and of rosin soap. The 
V 

ratio of the vol. ^ indicates the percentage of rosin in the sample. 

A 20 per cent solution of is used, and the separation is carried 

out in a water-bath kept at 70® C. for 30 to 48 hours (Veze and 
Eustache). 

The Acidity of Spirits of Turpentine as a Guide to its Valuation . — 
It must not be forgotten that pure pinene, the chief constituent of 
spirits of turpentine, is neutral ; commercial spirits of turpentine con- 
tains organic acids ; lesenic acids from the oleo-resin, pyrogenated 
acids, the formation of which is induced in the still ; acids formed 
by the action of the air on the spirits of turpentine ; acids which 
owe their presence to substances used for purposes of adulteration. 
Although often overlooked determination of the acidity or acid “ value ” 
of spirits of turpentine is a matter of great importance. It affords 
valuable indications as to the source, whether (1) old, or (2) recently 
but badly distilled, or (3) whether adulterated with crude rosin spirit 
or rosin oil. Table XXXI gives some determinations of the acid 
value of turps with «/10 soda, 4 grammes NaHO per litre. The 
test liquor is retitrated occasionally with standard sulphuric acid 
^‘9 grammes per litre, using phenolphthalein as indicator. 
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• TABLE XXXI.— ACID VALUE, NaHO, OF SPIRITS OF TURPENTINE, , 
ROSIN SPIRIT, ROSIN OIL (RABATE). 

' MHligrainroeB 

NaHO per litre.] 

I. Commercial Turp?. 


Steam distillation of the / Gabriel, Col 248 

purified oleo-resin 1 Labalaye 252 

Naked-file distillation of / Sales 280 

the crude oleo-resin I Darmagnac 296 

II. Old Turps. 

Labalaye, 1899, No. 1 600 

„ No. 2 896 

Soci4t4 Centrale des products Chimique, 1897 .... 1645 

III. Various Samples. 

Fresh turps from a single distillation (Sales), first runnings . 1106 

„ „ „ middle „ . 154 

» M last „ . 651 

Fresh turps, single distillation first runnings .... 625 

„ „ second „ .... 150 

„ „ third „ . . . , 3150 

Rectified rosin spirit 7875 

„ oil 364 


N.B . — The density of samples of spirits of turpentine so rich in acL 
is of no value in analysis. The figures show that steam distillation 
of the oleo-resin produces a superior essential oil. The first and last 
runnings should always be carefully fractionally distilled and rectified 
separately or mixed with the crude oleo-resin of a subsequent operation. 
Moreover, the middle runnings, whether obtained by steam distillation 
Or by naked fire, may be put on the market directly as rectified spirit. 
The first portions of the first runnings of every charge is coloured 
green by copper salts from the side of the still and the coil. They 
may be decolorized by agitation with dilute nitric acid or with 15 to 
20 per cent of sulphuric acid of 4’9 grammes to the litre. 

Spirits of turpentine is adulterated with numerous substances, 
such as petroleum, coal-tar and shale naphthas, burning mineral oil, 
rosin spirit, fatty oils. A mixture of camphor oil and petroleum is 
said to be sold under the name of German spirits of turpentine. 

Detection of Alcohol . — Alcohol is easily detected in spirits of 
turpentine. When shaken with water the pure spirit separates, leaving 
the water limpid, but if alcohol is present the latter gives a milky 
liquid which treated by potash and iodine yields iodoform. 

Fatty Oils and Bosin Oil , — Spirits of turpentine containing fatty 
oils or 3 to 4 per cent of rosin oil leave a greasy stain on evaporation 
on filter paper. But old samples of spirits of turpentine behave 
similarly, whilst pure fresh samples leave no trace of any stain 
whatever. Fatty oils may also be detected by pouring a small 

* To express these aoid values in terms of potash, KHO, multiply by « 
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quantity of the sample into an excess of strong alootkol ; the latter 
^dissolves the pinene. whilst the fatty oils are precipitated. The 
great* acidity of even rectified rosin spirit will be seen from Table 
XXXI, and the acidity still further accentuates that of the turps so- 
phisticated therewith. What is said to be ourrent practice in loanee 
is the addition of high grade rosin oil. This sophistication is difficult 
of detection. However, if the proportion of adulterant be high, the 
sample leaves a spot on paper and a residue in the alcoholic extract. 
Here again Aignan uses the polarimeter and gives the following 
formula for the calculation of the percentage of high grade rosin oil : — 

[<iu] = ci'’-30' 

[flu] = ei“-ao' + 

for ordinary rosin oil, and 

[rto] = - 61°-30' + 

for rectified rosin oil. 

The boiling-point should be above 150° C. and the acidity in grammes 
of potash per litre inferior to 1. Renard distils 250 cc. of sample, 
re-distils, and collects 10 c.c. This fraction mixed with 2 to 3 o.o. 
hydrochloric acid strong yields the following colorations : — 

Pale Yellow, — Pure spirit or spirit with rosin oil. 

BrotcHf passing to black after a few hours ; spirits of turpentine 
adulterated with rosin spirit. 

Fractional Distillation, etc,, of Substitutes for Spirits of Turpentine 
and their Interpretation. — According to Coste the results of the dis- 
tillation test do not afford a certain indication of the volatility at or- 
dinary temperatures, the most important item from a practical point 
of view. A short-range boiling-point — as in the best samples of 
genuine turpentine — raises a reasonable presumption of a fairly uni- 
form vapour tension during the whole process of evaporation. The 
specific gravities and refractive indices of these samples of substitutes 
are remarkably high for the range of boiling-points, assuming the, 
liquids to consist essentially of normal or cyclo-paraffin hydrocarbons. 
The low iodine value — except in a sample which contained turpentine 
— precludes the presence of more than a small amount of either ter- 
penes or olefines. Pure -samples df several paraffin hydrocarbons 
likely to be present gave the following results : — 


TABLE XXXIII.— PHYSICAL AND CHEMICAL PROPERTIES OF HYDRO- 
CARBIDES IN TURPENTINE SUBSTITUTES. 


Fortuula. 
Ootane. C^Hig 
Nonane, C^Hgo . 
Decane, CjoH^. . 
Undecane, Ci]Hs4 


Boiling-point Specific Gravity. Refractive Index. 
125-6^ 0*719 — 

149*5° 0*722 — 

173*0° 0*7456 1*4093 

194*5° 0*7581 1*4185 
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By acting on turpentine substitutes ^ith a mixture of equal volumes of 
ordinary concentrated nitric and sulphuric acids, some samples are 
separated into three layers : ( 1 ) unaltered normal and cyclo-paraffins ; 
(2) nitro-compounds of the homologues of benzene j (3) unaltered 
acid. Steam distillation will approximately separate the unaltered 
paraffins from the less volatile nitro-compounds. Coste therefore 
concludes that the high refractive indices and specific gravities are to 
be explained by the presence of homologues of benzene, such as 
meta-xylene, mesitylene, and cumene, and that the physical properties 
of a given sample and the determination of the iodine absorption 
value should afford considerable information as to its composition, so 
that if followed by a rational application of the following processes, 
its composition should be fully disclosed : ( 1 ) removal of terpenes 
and some olefines by polymerization with dilute H^SO^ ; ( 2 ) re- 
moval of remaining olefins with strong H 2 SO 4 ; (3) nitration of 
aromatic hydrocarbons and separation by distillation of the unaltered 
aliphatic hydrocarbons from the products of nitration. Sulphonation 
with Nordhausen acid would probably be equally suitable. 

TABLE XXXIV.— PHYSICAL AND CHEMICAL PROPEBTIES OF TYPICAL 
TIJUPENTINE SUBSTITUTES (COSTE). 



1 

1 1 

: 

a 

4 

.'i 

0 

Speoifto gravity 

0-7923 

0-80‘^ 

0-8006 ' 

0-8046 

0-8051 

0*B09-> 

Refractive index . 

1-4424 ; 

1-4474 ' 

1-4456 ! 

1-4498 

1-4498 

1-4445 

Flash-point (Abel) . 

sr 

78'’ ; 

84° 

83° 

86° 

90° 

Iodine value .... 

5-4 

6*1 

6-5 ; 

7-2 

6*3 

19-4 

Distillate from 100 c.c. . 

— 


— ; 

— 

— 

— 

„ below 140*’ . 

3-0 

4-6 1 

2-5 1 

20 

2-0 

1-0 

„ 140'’ to 180'’ . 

71-0 

57-6 ' 

65-0 

96*0 

96-0 

60-5 

„ total 

74-0 

62-0 ; 

67-5 

98-0 

98-0 

61-5 

Temperature of distillation for 







10 c.c 

145-5'’ 

146-8° , 

148° 

144° 

143° 

166-r.° 

„ for 20 c.c. 

150'^ 

150° 

162-2° 

145-5° 

145° 

161-8° 

„ „ 30 „ . . 

164'’ 

156-5° ! 156-5° 

146-2° 

146° 

167-3° 

„ 40 „ 

157*4° 

166-3° 

161-3° 

148-4° 

— 

174° 

„ „ '*>0 

. 161*3° 

170-5'’ 


149-9° 

150° 

179*7° 

„ M 00 „ . . 

168° 

178-5° 

175-5° 

152-6° 

152° 

— 

„ „ 70 „ . . 

174-6° 




155-5° 

154-8° 

— 

„ „ 80 „ . . 

■ 


— 

169-5° 

158-5° 

— 

90 




— 

167° 

164-3° 


Percentage lost in two hours at 

, 






ordinary temperature . 

i 40-5 

39-5 

34*5 

40*4 

40-9 

36*9 

„ in 4 hours . 

[ 65-7 

61-4 

66*9 

1 79-4 

81-7 

! 65*1 

„ 6 „ . . 

! 81*9 

1 74 2 

71-1 

1 99*7 

’ 99 8 

65-4 

„ „ 8 „ . . 

! 90-4 

82-0 

79-2 

' 99-7 

99-8 

72-1 

M „ 24 „ 

i 98-6 

' 91-0 

91-3 

; 99-7 

99-0 

89-8 

Residue after polymerization . 

i 99-3 

i 

— 

’ 97*5 

96-5 

96-7 

Refractive index of residue . 

1 1-4418 


— 

1 1-4608 

— 

1-4449 

Upper layer, after nitration . 

80 

' 78 

84 

1 58 

51 

— 

Lower layer, „ „ 

: 27 

1 26 

22 

t 46 

47 






1 Chlorofomi Mutiil 



' Biwr cent Iodine. 

Spirits of 
Turiwntb 

*0 

Tmipvrsture 

aiSH'. 

! 1 part lodhie Solution. 
Dc'lation 2 „ oil. 
in 100 mill. 
lukZO',^"' 

(1. ! 



.Hlmkeiiln 

1 cold, 

Heated at 100f> 

0. fur 1 minute 
theniiliaken. i 

1 Lower Austrian 
fir 

I'4l)li(l8 

-38'6 dark brown 
red 

- 84'!) 

luspbeiTy-red 

^ 2 Lower Austrian 

l'4li7Hl 

pale laspberry- 

8 American , 

1'47(1()4 

+ «'9 

red 

< n 

D4«](il 

- 88'5 

rasphetry-red ' 

5 .. 

1'470I7 

- 2'll ' „ 

fi French . . 

140112;) 

- HI'S 

pale raapberty- 
red ' 
yellowiah ' 

7 „ . . 

\m 

+ 17-1 

8 Grecian . . 

l'40ii,8i 

+ :i8':i „ 

raspberry-red , 

!l Larch , . 

M0I61 

- m 


10 Piiiene , , 

I'dOililH 

+ 17'5 ,. 


11 Russian , , 

1'47881 

•flliT daik brown 

pale yellow ij 

12 Polish . , 

Him 

+ 185 „ 

yellowiah- ' 

18 Hungarian . 



brown 1 

1'47821 

■f 20':i 

brownish- | 
yellow 1 

^ „ 

1'4740H 

-I- 1!)'H 

16 Itectiliedpino 

147145 

+ IH'9 

yellowish 

18 Russian , , j 

1'4NH!I4 

+ 18'0 „ 

brownish- ^ 

17 Caiiiphoroil ,| 

l'4!lfl70 

! 

-glO'7 brown 

yellow 

black-brown ' j 

18 Pinoliii, crude. 

l'481(i8 ' 

+ I'O 

dark green 

i 

19 „ yellow. . 

l'479!)ll ' 

•b 0’2 : „ 

. 

20 Rehned rosin ' 
oil 

1 

1'581)20 

+ 38 8 i „ ' 

black-brown | 

21 Rosin oil, light i 

1'53781 

+ 47'2 „ 


22 „ „ ‘ 

1 

D53991I 

+ 43'fl ; ., 

„ ; 

i 

::3 Eosin ziil, re- 1 
fined > 

- 

+ .58-0 „ 

M 

24BoBiu oil, green 

I'481li8 

i O'O ' „ 

„ 

26 Petroleum . 

1'44699 

i O'0 1 brownish- , 

browniBh-reJ. ]) 

26 Turpentine ai|b- 


violet ! 

violet 

1'41203 

i H j reddish- | 

reddish-violet 

Btitute 


j violet 

27 Motor Bplrlt . 

1'38941 

i 0-0 „ ■ 1 

- 


^lodiiw 


' ; Behaylour with 1 pirt n( I ptr cent QoM Chluride Solntion 
I i tolpartOil. 


Heated for Inlniilf at 100“ 
, C.tliiinihakeii. 

' (lllUyer. | Ovid Solntion. 


Healed lor a ehort time over 
I Rnnm Burner. 


(HlUyer. * (lold Solution. 


IkfMpberty- reduction' 


I'decolorinationj 


lleddiah-bronii 


yellow 

ilnok-brown 

dark olive- 
green 


black-brown 


violet 

red-violet 


. decolorized 


completely ' 
' decolorized 


' not com- 
i pletelyde- 
j colorized 
decolorized 


no iCulourleMs, pleasiiiit niiiell, preparivt in lab. 
decoloi'ization i from oleo-resiu, 

„ IColoiirlese, best'fiom Fnrtctibach, Vieniia,| 

! Neiintadl. 

„ iColoiirli'es, bent sort Furtenbaeh. 

„ ; Vienna ninrliet,primii,culuiii'lefii). I 

„ ColonrleKs, Vienna iiiarkit, piirehased ail 
best. 

„ Colonrlrsa, pIcHnHiit odour, priiiiii, Vienna 
market. 

„ Yellow oil, twenty yearn old, groatly realnl- 
tied. 

Got from Fuiienbiieli, colourleaa, ixainllar 
smell, i|iiiteflleai', 

„ Distilled in lab., eoioiirleaH, boiling-iioint 

„ From E. Merck in DaniiKtailt-prepared. 
decolorized Liidil yellow, peculiar iK'iietrating odour. Fur- 
leiiliacb, puma oil. 

„ Dark yellow, highly reainiiied, about twenty 
yearaobl | 

„ From Vienna market, Saz, and Kralzer,' 
yellow with piieirntiiig odonr, 

„ Dark yellow, twenty years old, highly reainl- 
lied oil. 

Almost coluiirleas oil, [lenetiating odour, got 
from Haaa in Floriadorl. 

' Twenty yeara old, oriinge-yellow, highly teiini- 
tied oil, with [Hinetrating unpleasant aitiell. 
Green oil, aromatic odour, from Vienna 
iiiiirktt. 

Dark brown, somewhat cloudy oil, with a 
slight smell of creosote from distillation of 
Lower Austrian oleo-resin. 

Yellow blit somewhat cloudy oil, bought inj 

' Ncustadt, I 

Yellow lliiorescent thick oil, clear, got from I 

Goldbach. j 


I Brown, not quite clear, viscous oil, got from I 
j Furtenbaeh. 

lAnblher but darker sample from same 
j source. 

Pale yellow oil, diatilled in lab, over soda lye 
from blonde rosin oil, bl.-pt, C. 
Green, clear oil, Furtenbaeh. 


couipletely 

decolorized 


[Sron Vabiiobki. 
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TABLE XXXV.— RECIPES FOR TURPENTINE SUBSTITUTES. (ANDES). 





Turpentine .Substitute No. 



SullMtUllCC. 




4 

, ! 

6 

7 

8 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1 RuBsLan turps' 

100 

50 

100 

150 

100 

100 

100 

— 

' Solvent naphtha 

100 

100 

— 

— 

— 

100 

— 

150 

Petroleum spirit 

100 

lOO 

100 

200 

200 

— 

100 

50 

Reotitie4 rosin spirit 

— 

— 

— 

— 

— 

200 

100 

50 

1 Benzine 

1 — 

— 

— 

; — 

— ; 

— 

100 

— 

: Fennel oil ... • 

' — 

— 

1-2.J 

— 

1 

— 

— 

— 

' Anise oil 

— 

— 

— 

; — 

— ' 

1*5 

— 

0*6 

1 Gitronella .... 

1 

— 

— 

; 1 

— 1 

— 

1-25 

— 

1 Caraway oil . 

1 — 

1 

— 

1 

— 

— ' 





CHAPTER X. 


CHEMISTRY AND DISTILLATION OF ROSIN. 

Rosins are classified as (1) pale yellow, (2) yellow, (3) reddish- 
yellow, (4) brown or black rosin. If the injection water be not 
completely expelled the rosin is opaque. If the essential oils have 
not been completely eliminated the rosin is viscous and tacky. As it 
contains sand as it comes from the still such rosin has a peppery 
appearance. Hence the preparation of rosin includes (1) drying, (2) 
filtration, (3) moulding, (4) accessory bleaching. (1) Dryimj is done in 
the stills, by slightly increasing the fire heat as soon as the injection 
of water is stopped. With steam heating, drying is more difficult. 
Violette used superheated steam. Col runs the rosin out into a steam- 
jacketed truck of red copper. The steam jacket is connected with a 
steam pipe, and the temperature is kept high enough for the last traces 
of steam to be rapidly driven off. This is completely so when the 
fused material is perfectly tranquil. (2) Filtration . — To eliminate sand, 
shavings, pine needles, the fused rosin is passed through a wire-gauze 
sieve. The ordinary sieves are frames, the bottom of which consists 
of 150 to 250 wire gauze. These filters easily get choked and 
require scraping, which quickly wears them out. 

Dromart designed a rotary filter to prevent choking. He runs 
the fluid rosin into a tank lined with sheet-iron, from which it 
flows through a valve iuto a horizontal wire-gauze cylinder which is 
slowly rotated. To run out the core left in the sieve the gouge is 
lifted, the cylinder and the plug arc momentarily removed. Violette 
uses in his Hume factory an ingenious process of steam filtration. 
The rosin is run into a cylinder the bottom of which is furnished 
with a coarse linen cloth held by light lugs to hooks. The cylinder 
is first heated by a steam coil then charged with rosin. The air 
exit tap is shut and the steam inlet pipe opened. In a few minutes 
the rosin filters perfectly limpid, and as soon as the steam reaches 
the bottom of the cylinder the pressure is stopped. The cloth 
charged with sand and woody debris is detached and replaced, and 
the apparatus is ready for another operation. (3) Moulding . — The 
filtered rosin may cither (a) be run directly into moulds ; {h) into a 
tank whence it is lifted by dippers to charge the barrels ; (c) into 
shallow cast-iron plates 20 inches x 4 inches ; (d) into dismantling 
moulds in which the rosin is rapidly cooled in small quantities. The 
cakes obtained are sorted, placed by threes in the barrels, and 
amalgamated together by the rosin coming from the apparatus. (4) 
Bleaohing . — Pale rosins are sometimes exposed to the solar rays in 
the sheet-iron trays just mentioned. They become still more pale, 
and extra pale rosins are so produced, selling at 18 to 20 francs, 
whilst ordinary rosins sell at 14 francs. But this process requires 
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perfectly dried rosin ; it entails much labour and space and takes ten 
days. The pale rosins of the month of August may gain in value in 
the trays 0*5 francs per 100 kilogrammes, say 2id. per cwt., and the 
April-May rosin 6 to 8 francs, say 2s. 4d. to 3s. 2d. per cwt. To make 
the yellow rosin used for torches, soldering metals, etc., the pale rosin 
is heated up with water and run into a large trough 13 feet long by 
27 inches wide by 27 inches deep. Ten per cent of water is run on to 
the liquid rosin. Tumultuous boiling ensues and the mass swells. 
Two men stir it, breaking it up with spatulte. The beaten-up mass 
assumes a honey-yellow coloration and becomes opaque. If too much 
water be used, liquid globules are left in the rosin which render it 
spongy. The opaque rosin still hot and fluid is run into moulds of 
wet sand, whore it solidifies in masses of 10, 50, or 200 kilogrammes 
(22, 110, or 440 lb.). 

Valuation of Tiosm. — Eosins are valued in direct proportion to 
their limpidity, and in inverse proportion to their depth of colour. 
In sampling rosin, a block is detached, which is trimmed to a cube 
of 22 millimetres square. This operation requires a certain amount 
of practice ; rosin being brittle it is more e.asily accomplished by using 
a knife with a heavy handle. If rosin bo slightly pulverized it 
becomes white and opaque. Its transparency may be restored to it 
by moistening it slightly with alcohol and drying. The sample is 
then classified by comparing it in the light with standard cubes. 
The well-known American scale should alone bo adopted. Certain 
dealers, however, do not scruple to adopt fantastical scales, so as to 
confuse buyers and profit by the confusion. But all rosin classifica- 
tions have serious drawbacks : rosin is fragile, the edges and faces are 
irregulaidy dressed, the shades diminish in intensity under the action 
of light, which involves frequent classification. Moreover, the price of 
the standards is rather high, the series of fourteen cubes costing Ifis. 
It might therefore bo advantageous to replace the series of rosin cubes 
by a series of glass cubes tinted from pale yellow to black in accord- 
ance with the American typical standards. 

The following are, in order of quality, good to poor, of colour pale 
to dark, the different brands of American rosin with the equivalent 
French classification of the same grades : — 


TABLE XXXVI.— GRADES OF AMERICAN AND FRENCH ROSIN. 


MarkH. 

American. 

French. 


1 


V A V 



Window glass 

F 

Good No. 2 'I 


W 

WG 

Water-white 
Window glass 

Colophane 

E 

D 

j No. 2 

1 Good strained 

Bra is demi 
- noire et 
noire. 

N 

Extra pale 


c 

i Strained 

M 

Pale 


B 

j Common strained 

K 

Low pale 

,, 

A 

Common J 


J 

Good No. 1 

Brai clair et 


1 




arcansons 


1 


H 

No. 1 



1 


G 

Low No. 1 

” 1 


1 
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Valuation of Spanish Bositis. — These are nearly all fine grades. 
They have fourteen grades, denoted by !Koman numerals. Spanish 
grade V corresponds to about the American -water- white, and they 
have no grades like the lowest. Several Spanish grades are of finer 
quality than the American water-white. There is little demand in 
Spain for fine rosins, so they ship them, as well as the spirits of tur- 
pentine, out of the country, to Germany, Portugal, France, and 
Switzerland. American common rosins are used. Both Spain and 
France have heavy duties on naval stores, which effectually protect 
the industries in those countries. Spanish producers have naturally 
been benefited by the higher prices of American naval stores, as have 
the producers of France. In France, though, there is more competi- 
tion among the producers, who sell directly to the consumers, and cut 
beneath each other’s prices in some degree. That country exported 
largely to England of late years as the result of the high prices pre- 
vailing. 

Rosin Specification of the United States Navy Departrmnt. — The 
following are the rosin specifications of the United States Navy De- 
partment : (1) For all ordinary purposes rosin shall consist of equal 
proportions of grades “C,” “ 1),” and “ E,” known as “good 
strained rosin,” “ C ” being the poorest quality, “ E ” the best of the 
three. (2) Rosin shall be graded by sample, a piece being cut from 
the top head of each barrel, seven-eighths of an inch cube, as nearly 
as can.be done. Uniformity of size is important, as the thickness 
of the piece determines the shade of colour, and thus its value. 
(3) These cubes or samples are to be furnished by the seller free of 
charge, and will be referred to in deciding its grade. For special 
purposes, if required, the better grades are designated by the letters 
“F.” “G,” “H,” “I,” “K,” “M,” “N,” “WG,” and “WW,” 


“ WW ” being the highest grade. (4) The rosin should be perfectly 
transparent. Its specific gravity should be between 1*04 and 1‘15. 
Its melting-point should not l^e higher than 135° C. ; it should dis- 
solve easily in either alcohol or turpentine. A definite cause for 
rejection will be the presence of an appreciable amount of dirt or 
pitch. (5) Cubes of suitable sizes of the rosin offered under a bid 
shall be supplied by the contactor for chemical analysis, and if this 
analysis shows that adulterants of any nature have been incorporated 
in the rosin it will be cause for its rejection. (6) Requisitions should 
specify the grade, using the letter designation for description of 
quality. 

Rosin Inspection and Valuation in the U.S.A. — The gauging of 
spirits of turpentine is not so picturesque as the grading of rosin. 
In the former work the Government method of gauging liquids is 
used, and that is all there is to it. With rosins it is different. 
From the time a barrel of rosin is placed upon the wharf until it 
goes aboard ship to be exported, it passes through many hands, but 
more depends upon the man who declares what it shall grade than 
anyone else. The inspector goes in among, say, 1500 or 1800 
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barrels of rosin, scattered over wide ground on a wharf. To inspect 
1800 barrels a day is considered fair work, hut some inspectors have 
passed 2600 in one day’s time. That, however, is exceptional. 
With the inspector go two or three gangs of men and young boys. 
There is one gang to “ uncooper ” or unliead the barrels. When this 
is done a piece of rosin at least 6 inches square is cut from the con- 
tents of the barrel. This is handed to the young man who cuts out 
the samples. This is where the fine art of rosin sampling comes in. 
This sample cutter is an artist. Ho uses a sharp adze, and, taking 
the large piece of rosin of irregular shape in his left hand, he taps it 
gently with the sharp blade of the adze. This is done on four sides, 
and soon the rosin block begins to take shape. The chipping away 
of the rosin is kept up until a perfectly S(piare block just a little 
short of an inch is produced. This is the rosin sample that is to be 
passed upon by the inspector. Hundreds of them can be cut with 
great rapidity, and when they are laid out together there will not be 
a difference of a sixteenth of an inch in their size. The sample is 
placed on the side of the barrel and the inspector comes l)y. Here 
is where his keen eye and his good judgment come into play. He 
carries with him a coinpleh^ set of samples of the various grades of 
rosin. 

There are thirteen of them. The palest rosins are the most 
valuable, and as they get darker in hue they become less valuable. 
The newly cut sample is lield to the light beside the sample, and the 
inspector calls the grade. It is recorded by an assistant, and the 
inspector passes on to the next barrel, from which a largo piece of 
rosin has been cut and the sample made from it. He grades this, and 
goes on to another barrel. This is kept up until every barrel has 
been opened and sampled. Behind the inspector comes a man who 
coopers up the baiTels of graded rosin, and another man weighs them 
and marks the weight on the side of the barrels. A record of the 
inspections is kept, and this record goes to the factor. This inspector 
is paid 6 cents a barrel for inspecting the rosin by the factor by whom 
he is employed. The railroad upon whose wharf the rosin is placed 
pays a quarter of a cent a barrel for the inspection. This makes the 
total cost of the inspection 6 J cents a barrel. The inspector has to pay 
all his helpers, and this amounts to a good deal. One inspector 
says his expenses amount to from 600 dole, to 700 dols. per month, 
while there are others who even pay out more than that. The 
inspector, after being elected to his office by council, has to make 
arrangements with the factors for employment. The work is divided 
about equally among the several inspectors. Some of them work for 
one firm alone, while others are employed by two or three factors. 
While the factor pays the inspector for the work that is done he 
charges the producer with the cost of inspection, and the man who 
ships the spirits or rosin has finally to pay for having it gauged or 
inspected at the port. The rosin samples are brought from New 
York to Savannah. These are the original types by which all the 
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inspections must be gauged. They cost 2 dols. 40 cents a set, and the 
sets have to be renewed about once each year. They formerly cost 

5 dols. a set, but the price has been reduced. After reaching 
Savannah they are approved by the inspecting committee of the 
Savannah Board of Trade, and they can be used for grading the rosin 
sent here to be inspected and sold. After being elected by council, 
a naval stores’ inspector has to give a bond of 2000 dols. that he 
will conscientiously perform his duties. 

Refining Rosin , — Several processes have been indicated. In 
view of the numerous attempts which have been made to refine 
rosin so as to produce therefrom a good drying varnish, the following 
processes may be pointed out without expressing but a limited 
amount of belief in their efficacy : — 

(1) It has been proposed to pass a current of chlorine through 
melted rosin ; the mass is acidified with sulphuric acid, washed with 
boiling water and finally with hot water containing nitric acid. (2) 
The rosin is heated with a solution of common salt ; it is then brought 
to the boil for a few minutes after adding a solution of chromic acid, 
or a solution of bichromate of potash and sulphuric acid, and the 
operation finished by washing with water rendered slightly ammonia- 
cal. (3) Another process consists in heating rosin with a mixture of 
chalk, black oxide of manganese, and bichromate of potash and 
filtration through sand. (4) Or the rosin is heated with zinc dust with 
or without the addition of bisulphate of soda. (5) Attempts have 
also been made to use chloride of zinc and sulphuric acid at a high 
temperature. (6) The best process would appear to be to previously 
filter the melted rosin, then to heat it to 150° C. with 5 per cent of 
zinc chloride for one or two hours, and then to add about 12 per 
cent of bichromate of potash in powder. The whole is filtered after 
allowing the temperature to fall to 100° C. (7) Another process of 
purification consists in the use of sulphuric acid under pressure and 
at a high temperature. The process is conducted in an iron autoclave 
furnished with a steam jacket heated with superheated steam and 
capable of resisting a pressure of 121b. About 2 cwt. of rosin are 
run into the autoclave, and heat applied until the whole is melted, 
and when the pressure has reached 9 lb. the sulphuric acid is in- 
troduced. The whole is heated to 100° C. for an hour, then allowed 
to cool, and the product washed with boiling water. (8) Rosin 
was claimed to be obtained as colourless and transparent as glass, 
by distilling the oleo*resin in vacuo with superheated steam (Hunt 

6 Poohin’s patent). 

Not quite twenty years ago people began to increase the fusion- 
point of ordinary rosin which softens and becopies sticky even with 
the warmth of the hand, by melting it with compounds of lead, cal- 
cium, zinc, and strontium. The object is to make the rosin yield 
better varnishes. Then came Sohaal, with his resinic acid esters,, 
made from rosin, which, like the so-called hardened rosin, have the 
property of softening, but not dissolving, in spirit, so that varnishes * 
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made from them become turbid on the addition of alcohol. The 
patent specifications describe the production of the esters, but with 
regard to the hardened rosins, although a few varnish-makers have 
written on the subject, much remains to be desired. 

Of late these hardened rosins have gained an additional use for 
electrical purposes, and as the new processes are also useful to the 
varnish trade, it will be useful for us to consider them. Schaal, too, 
has improved his method. 

Eesinic acids from the coniferac, fossil resins, or residues from the 
distillation of petroleum, brown coal, ordinary coal, turf or shale, 
are heated between 140° and 230° C. with an equivalent of metallic 
oxides and high boiling or non-volatile alcohols, until the com- 
bination of metallic rosinates and esters has taken place. To get 
the hardened rosins as neutral as possible an excess of alcohol is 
used. This excess is removed after the reaction is complete by high 
temperatures, with or without the addition of more metallic oxide* 
Distillation in vacvo, or the passing in of readily volatile substances, 
or indifferent gases or vapours, makes the product still harder! The 
metallic compounds used are glyceride and oxyhydrate of iron, man- 
ganese, chromium or lead, while the alcohols are glycerine, phenol, 
cresol ; cane, grape, and fruit sugars. According to the proportions 
between the ingredients, various properties can be given to the pro- 
duct. Preponderance of metal gives the greatest hardness, but 
resistance to damp, soda, etc., requires larger quantities of the esters. 

The Co7nposition of Jiosin has been the object of numerous re- 
searches. It is solid, transparent in thin slices, brittle, friable, and 
easily pulverized. As rosin melts it passes through different stages 
of viscosity, which fact renders the determination of its melting-point 
difficult. It is insoluble in water, completely soluble in benzene, 
methyl ethyl and amyl alcohols, ether, acetone and acetic acid. 
Petroleum ether (gasolene of 0’650 gravity) only imperfectly dissolves 
rosin, and even with a great excess there is always a residue : yet 
a solution of rosin in coal-tar or petroleum naphtha, if it at first 
gives a precipitate with gasolene, that precipitate dissolves on stirring 
in the excess of naphtha present. The acidity of rosin may be 
determined by dissolving 50 grammes of rosin in a litre of alcohol 
and titrating with N /.2 potash, 28 grammes of KHO per litre. The 
index of acidity or acid value, Table XXXVII, or the number of milli- 
grammes of potash necessary to saturate a gramme of dry rosin, varies 
between 165 and 175, with an average of 170. Hot saponification 
with potash gives figures higher than the acid index. The index of 
saponification is about 180. In the hot state, therefore, the alkali not 
only saturates the free acid but also the combined acids in e.g. esters 
or ethereal salts. The ester value represents the difference between 
the acid value and saponification value. Henriques found a relation 
between the ester value and the residue insoluble in petroleum ether 
(gasolene). He also found lactonio acids in rosin. The lactones are 
compounds obtained by replacing in the more or less complex mole- 
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tiule two hydroxyl groups, the one alcoholic and the other phenylio or 
aromatic acid, by an atom of oxygen. The simplest acid alcohol is 
lactic acid CHs - CHOH - .COOH. Henriques concluded : (1) Rosin 
oontains neither esters nor acid anhydrides. (2) Rosin consists of 
acids associated with unsaponiliable matter, neutral resins (or resenes). 

(3) The acids present in the crude resin may be classified into two 
groups according to their behaviour with petroleum ether, viz. 
soluble normal acids and insoluble abnormal acids. (4) The normal 
acids are the lactonic which yield insignificant ester values. On the 
other hand, the abnormal acids are the lactonic acids which give 
rather high ester values ; the ester value should be replaced by lactonic 
values. (5) The proportion of insolulde abnormal acid is greater the 
darker the rosin. Very pale rosins which yield small residues with 
petroleum ether, gasolene, contain normal acids, dark rosins, abnormal 
acids. Tschirsch’s researches may be summarized thus : (1) Rosin 
contains resinic acids and neutral rescues. (2) The crude oleo-resin 
*does not contain lactonic acids, but heat may generate lactonic acids in 
rosin. (3) The resinic acids present in the crude resin are not organic 
acids, but bodies containing phenolic hydroxyl (OH), which gives for 
pimaric acid 

(4) Rosin contains neither aldehydes, acetones, nor methylic ethers. (5) 
Rosins contain non-saturated compounds, which implies the existence 
of double bonds in the constitutional formula, liosin may be said to 
contain about 90 per cent of acid bodies and 10 per cent of resenes 
and unsaponiliable bodies. 

Oxidized Bdsin . — Levy examined the oxidation products of abietic 
acid from American rosin. Sodium abietate (NaC.2,,H.j,,0.2) was oxi- 
dized with dilute potassium permanganate solution, carbonic acid, 
separated unaltered abietic acid from the acidified solution, a resinous 
substance from which volatile acids (propionic and isobutyric acids) 
were separated by steam distillation. The product so formed was 
soluble in most resin solvents, but insoluble in petroleum spirit. It 
was also appreciably soluble in boiling water. A crystalline substance, 
melting-point 246° to 247° C., was obtained. This acid C. 2 ,)Ha^Oo is 
a monobasic acid, of which the silver and barium salts were pre- 
pared in a crystalline form, which confirm those of Fahrion's results, 
who assumed the product of the permanganate oxidation to be 
tetra-hydroxysylvic acid, or tetra-hydroxyabietic apid. 

The portion of the oxidized rosin soluble in hot water seems to dififer 
from this in its properties, and probably is an acid with ketonic 
characters, as it gave a reaction with phenylhydrazine acetate. The 
Oxidation of tetra-hydroxyabietic acid can be carried still further by 
heating with permanganate solution or with nitric acid, resulting in 
the formation of crystalline products. 

Solvhility of Bonn in Petroleum JS^/ter.-r-Schick found that a 
sample of rosin, which left behind 3*6 per cent, of residue insoluble in 
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petroleum spirit, dissolved completely (except 0*5 per cent) when 
heated therewith to 320® C. 

Schick does not agree with Dieterich that the saponification — and 
ether — values of rosin should be disregarded. Moreover, his acid 
number obtained by the direct titration of rosin in alcoholic solution 
is lower than Dieterich’s “acid number,” and also the latter, again, 
comes out smaller than the saponification value determined in a 
manner analogous to that pursued in the case of fats, which is always 
uniform and very definite, whether the saponification be effected by 
the warm or cold method. He sees no reason for abandoning the 
■ester value, simply because Tschirsch failed to detect esters in rosin. 
But little value is attributed to the iodine number, although it is an 
important circumstance that the iodine number of the dark resins 
that have been exposed to prolonged strong heat, comes out lower 
than that of the paler kinds ; this is probably due to the absorption 
of oxygen by the rosin, as shown by Weger. 

\ Finally, determinations were made of the refraction index of 
^ per cent solutions of the various rosins in linseed oil, the results 
■cO'ming out as 90*7® to 92*3® at 40® C. — the refraction of the linseed 
oil employed being 71*o®. These figures point to the suitability of 
employing this test for approximate quantitative estimations of rosin 
in oils, as also for admixtures of resinate compounds in metallic 
linolcates. By this simple means figures are obtained which 
harmonize fairly well with those yielded by the Twitchell method. 
Heat, however, produces a modification of these constants when a 
high temperature is employed ; thus, for instance, the 20 per cent 
solution of one sample in linseed oil, with an iodine value of 146*2, 
gave a deviation of 90*7®, whilst after heating the rosin for half an hour 
'/ 300® C., the iodine value fell to 101*7 and the solution gave a 
refractometer index higher by 2*6° than before. 

F Spriicc Rosin. — P. Klason and J. Kohler prepared two isomers 
of rosinic acid from the rosin of Pinus abies. After distilling off 
the turpentine in a current of steam, the mass contains the alpha 
and beta rosinic acid, together with oxidation products and certain 
impurities. Treatment with alcohol and chloroform leaves the im- 
purities behind. The solution is distilled to dryness, and the rosinic 
acids are dissolved out from the oxidation products by repeated 
digestions in petroleum ether, followed by fractional distillation. The 
rosinic acids distil over between 250® and 300® C. The distillate 


solidities on cooling as a yellow mass. It is dissolved in alcohol, 
and on crystallization the alpha acid crystallizes first. It is dextro- 
rotatory and fuses at from 198® to 199® C. The beta acid, which 
crystallizes later, is purified by recrystallization from glacial acetic 
acid. It forms white needles, fusing at 167® C. The formula of 
the two acids is C^oHaoOg. 

Nattcral or Auto-Oxidation of Rosin . — Normal rosin contains 
4 to 6 per cent insoluble, in light petroleum, as much as 70 per cent 
on long exposure to air, the rosin becoming whitish and opaque and 
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losing its conchoidal fracture. Powdered rosin exposed to diffuse 
daylight gave 60 per cent of material insoluble in light petroleum 
spirit (whilst the same kept in the dark only gave 4 ^ per cent). 
This change is due to auto-oxidation analogous to the oxidation of 
turps when ozone is produced. The acid value is not affected, but 
the melting-point of the portion insoluble in petroleum is far higher 
than that of normal rosin. The composition of abiotic acid is doubtful^ 
C.2oHa^02 (Fahrion) being generally accepted. Rosin exposed to air in a 
thin layer forms by auto-oxidation unstable peroxides of the composi- 
tion C.20H3QO4 and C.2 (jH 3,)0,., insoluble in petroleum spirit, decomposing 
with liberation of water and formation of products soluble in petroleum 
spirit. The variations in the acid and iodine equivalents of com- 
merce rosin are probably due to the presence of neutral bodies and 
their anhydro derivatives in various quantities. Two samples of abietio 
acid, melting-point 153 °- 154 ° C. and 179 ° C. , gave figures agreeing with 
Mach’s Cj^)H.2jj 0.2. The acid value of both gave a molecular weight 
= C.2nH3()02. The electrical conductivity of both acids after fractional 

neutralization with ^ potash, Kohlrausch’s method, gave molecular 


weight *= 303 ; requires 302 . Further experiments show 

that abietic acid is a carbocylic acid C.2yH3j^02. From the acid value of 
170 , rosin contains rather less than half its weight of dibasic abietic 
acid. 


TAlffiE XXXVII.— CHEMICATi CONSTANTS OF DIFFEllRNT JiRANDS OF 
COMMRUCIAL ROSINS. 


RoHin. 

Add 

Value. 

Sapimiilca- 
tion Value. 

Kster 

Value, 

todiiiB 

Value. 

Authority. 

Aufltritin 

146-0 

167-1 

21-1 

109-6- 

Schmidt and Erban 




, 


110-8 




ir,9-a 

; 175-5 

76-2 

— 

Ulzer 


P:lle 1 

163-2 



— 

— 

Kremel 


Dark 

151-1 

— 

— 

— 

— 

English 

169-1 

— 

— 

— 

— 

American 

154-164- 

6,174-7-194-3 

15-7-30 

55-114 

Lewkowitach 



170-2 

177-9 

7-7 

124-2 

Fahrion 


"“Wite” 

160-8 

177-6 

— 

184-7 

Smetham and Dodds 


Nemo . 

162-0 

176-4 

— 

181 

,, 

0 

W. W. Zante 

154-5 

174-3 

— 

158-5 

,, 

1 

N. Xeres 

157-3 

174-3 

— 

168-4 

,, 

^W. G. Wax . 

160-1 

177-8 

— 

105-9 

„ 

-s g? 

“Wite” 

163-9 

176-4 


175-5 

I >’ 


Nemo . 

163-0 

175-3 

— 

166-8 

1 

* 9! J 

g 

W. W. Zante 

169-1 

167-5 

— 

154-9 

i ■’ 

•a s 

N. Xeres 

J59-1 

165-5 

— 

— 

1 

1 ” 


,W. G. Wax . 

161-0 

: 169-5 

— 

— 

1 









Iodine number (Hilbl) — 

W. W. Zante. 

N. Xeres. 

After 2 hours 

. 116-5 

114-3 

M 4 „ . . 

124-1 

125-3 

„ 18 „ . . 

. 168-6 

168-4 

„ 7 days 

— • 

166-3 


W. o. Wax. 

116-6 

121-7 

166-9 
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METHOD— 0-2 GRM. ROSIN TAKEN. 


Iodine absorption, 

5 mins. 

10 miiH. 

30 mins. 

1 hour. 

W. W. Zante . 

Iodine absorption, 

124*7 

128*4 

134*(5 

— 

N. Xeres 

137*1 

132*1 

147*0 

15*2*0 


WIJS’ METHOD— 0-1 GRM. ROSIN TAKEN. 


Iodine absorption. 

10 iiiinn. 

“io mins. 

30}mins. 

N. Xeves 

171*2 

177*5 

183*0 

Iodine absorption, 

1 lionr. 

18 hoiirn. 

) •24«-4 1 
t 24!t-4 1 

48 hnurrt. 

N. Xeres 

194*8 

270*5 


It will be observed that, as with the Hiibl solution, the iodine 
numbers increased with the time occupied for the reaction, and 
with the excess of reagent. 

Metallic Eosiiiates. — Rosinates, formed by the combination of 
rosin with certain metallic oxides, occupy a prominent position in 
modern varnish and paint manufacturing, and are now generally 
preferred as driers to other metallic salts, being, with the exception 
of the linoleates, more readily soluble in linseed oil, since the latter 
frequently require a higher temperature than the rosinates to effect 
solution, and this is apt to render the varnish darker. Then again 
ordinary metallic compounds arc liable to form deposits in the 
varnishes made with them, this not being the case with rosinates. 
As no large outlay is necessary, paint and varnish manufacturers 
will doubtless find it an advantage to make their own rosinates, hence 
the two following examples : — 

Mangmiefie Hosinate . — 12 lb. of soda ash are dissolved in water in 
a wooden tub, 4 feet high and 4 feet in diameter, which is then half- 
filled with water. The contents are boiled up with steam, and, when 
well boiling, 64 lb. of light, coarsely powdered rosin are slowly 
added. Care must be taken that no lumps form, as then it is very 
difficult to get the rosin to dissolve. If the mass froths up too much 
the steam must be shut off, but stirring must be redoubled. When 
all the rosin has been run in a further 5 lb. of soda are added and 
the whole boiled up until quite clear ; steam is then shut off and the 
hot liquid allowed to rest half an hour for any impurities to settle. 
Meanwhile, in another slightly larger tub placed just below, 27 lb. of 
chloride of manganese are boiled in sufficient water to stand at 
20-23'2 Tw. The clear solution is now run into the manganese solu- 
tion with vigorous stirring, rosinate of manganese separating out in 
the form of a white flocculent precipitate. When all the rosin solution 
has been run in, the cask is filled up to the top with water; the 
precipitate is then allowed to settle, and after the supernatant liquor 
has been drawn off it is well washed three times, collected in a 
filter press, and dried at a temperature of 35'’ to 50” C. Manganese 
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rosinate forms a soft white or grey powder, quickly browning in the 
air, the yield on the above-mentioned quantities being 80 lb. 

Lead Bosinate . — A similar rosin solution as for manganese rosin- 
ate is first made. 41 lb. of crystallized sugar of lead are dissolved 
in the precipitating cask ; the process is then the same as above. 
In this case, however, the yield is 96 lb. 

Rosin DistilHufj : British Method . — This industry has flourished 
both in England and Scotland for many years, Granton, near Edin- 
burgh, and Glasgow being the chief centres of the industry. It has also 
been for many years an important industry in the East and South-east 
districts of London. The form of rosin still used is generally a 
vertical cylinder with rounded top and bottom with a height about 
twice its diameter. The bottom is sometimes flat, but that shape, 
for obvious reasons, is not to be commended. The capacity varies. 
Very large stills are in use in London (in factories such as those 
doing a large trade in axle grease or in those factories who supply 
axle grease makers who do not themselves distil). Such stills may 
take a charge of say 20 tons. Direct fire heat is applied to the 
bottom of the still. Occasionally a superheated steam coil is also used 
as an auxiliary to the fire heat. The rosin used is American. Mills 
gives the following products from 70 barrels: (i) spirit, 60 to 70 
gallons, or 3‘i per cent ; (2) rosin oil for grease making, 1600 gallons, 
or Ho per cent ; (3) coke, 6 to 7 cwt. or 3*9 per cent ; (4) weak acid, 
water, 40 to 50' gallons, or 2*5 per cent ; gas and loss, 5*4 per cent. 
But in London the stills are not usually run so far as to produce 
coke, the object being to produce as a final residuum a medium hard 
pitch capable of being utilized as an electrical insulator. Mills 
thinks pure rosin would leave no residual carbon in the rosin still. 
The gas, of wliich there is but little, is highly inflammable, and 
dangerous fires have occurred through bringing a naked light too 
near the discharge pipe coming from the condenser. The gas is said 
to be highly anaesthetic, containing carbonic acid, carbonic oxide, 
ethylene, and pentane. The percentage of rosin oil and other market- 
able products got by distilling rosin vary with the method, the 
quality, and the source of the rosin. 

Funck got the following results by applying fire heat to the 
bottom of the rosin still and passing superheated steam through an 
upper coil in the centre of the still, whilst passing steam through 
the entire mass of rosin : — 


TABLE XXXVIII.— RESULTS OF THE DESTRUCTIVE DISTILLATION OF 

ROSIN. 


water below 1G5° C. 
Rosin spirit — 

„ oil below C. 
M n M 315® C. 


Per ceil 

15 ' 

25 

25 
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The liquid pitch in the still is run off through a stop-cock. 

Gernian Practice . — Boleg recommends cylindrical, cast-iron, 
round- bottomed stills of 5 tons capacity, at least, when three- 
quarters full (74 inches x 94 inches), without lid, cast in one piece, 
but better, made in two pieces, the cylinder part strengthened below, 
made of boiler-plate, and the still stronger bottom piece. This form 
gives a large heating surface, quiet and even distillation, greater 
strength and durability. Being in two, casting is done more care- 
fully, the bottom can be renewed or repaired, leakage is avoided if 
the flanged joint be packed properly with asbestos and red lead. The 
12 inches high, cast-iron, domed head fixed by screws is fitted with a 
discharge manhole in rear, and at the side a safety valve in centre, 
and a flanged sleeve about 10 inches high and 14 inches wide, for fix- 
ing on the still-neck, which, best made of copper, should, to get a 
thin distillate, free from vesicular rosin, that is, particles of undecom- 
posed rosin entrained in the path of the vapour of rosin oil, be at 
least 40 to 60 inches high, and fitted with baffles to cause the vapours 
to take a spiral course. The descending limb tapers to an internal 
diameter at the condenser of only 2^ to 3 inches. The condenser 
is an important item ; a mere coil, however well cooled, is insuffi- 
cient for products superior to wagon grease oil. A double condenser 
like that used in the turpentine still is required, because a superior 
distillate is got if the first run, acid water, rosin spirit, and inter- 
mediate oils, as well as the strong smelling spirit and light oil dis- 
tillates and gases, formed during the whole distillation process, be 
led through a different condenser than that used for the main dis- 
tillate, the light or blonde oil A capacious condenser for the main 
distillate, a smaller one for by-products, and a third coil kept solely 
for the green oil at the end of the process are required. Simple 
fractional distillation generally suffices, but with large stills it is 
best to work with a partial vacuum, 6 to 10 inches of mercury, i.e. 
with continuous exhaustion of the vapours, so as to get a more per- 
fect fractionation of the strong smelling spirit and light oils, by means 
of>a double vacuum receiver, and exhaust, especially where paint 
oils are to be made, and in sundry rectification processes. The 
sufficient decomposition of the distillate is effected by adding 3 to 5 per 
cent of powdered quicklime and complete distillation to dryness. The 
large hearth is not too far from the open firebrick arch protecting the 
still bottom from direct impact of the flame. Lump coal, mixed 
with nuts, is the fuel used, the latter being increased as distillation 
progresses. The gases given off in the process are also burnt under- 
neath the still and save about one-third of the coal bill — mixed but 
profitable method of firing. Side-flues, 6 inches wide and 16 to 
18 inches high, one in a forward and one in a reversed direction, 
each side, should be provided for the sides of the still, and fitted 
with dampers for shutting off the fire at will Except in France, 
American good strained rosin is that distilled. The barrels rolled or 
hauled up from the store to the still manhole are broken and the; 
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roiin shovelled into the still, the staves and heads of the casks being 
subsequently steamed to recover the still adherent particles of rosin. 
[Those paint factories which make their own rosinate of manganese 
can, by treating their rosin cask staves with caustic soda lye, recover 
enough rosin, as rosinate of soda, to make, wheb precipitated by 
sulphate of manganese, all the rosinate of manganese which they 
require. Any excess of rosinate of soda can be made into soft soap 
for factory use, and the sound staves re-used for coopering purposes, 
the unsound ones being burnt underneath the boiler. The selling of 
rosin staves, with much adherent rosin, for firewood purposes, is at 
the present high market price of rosin a sure sign of bad manage- 
ment.] The fire is at first moderated to prevent priming. It is 
better to let interstitial water escape and rosin melt before putting 
on still-head, but as this may take several hours, 2J to 5 cwt. of 
paraffin oil are added per charge to obviate priming and the still- 
head can be at once fixed. 

Working Details . — The still is filled in the afternoon and the 
rosin melted by 7 p.m., when the paraffin is added, the still-head 
fixed on, and the still left all night with a banked-up fire. At 4 or 
5 a.m. the fire is made up, so that by half-past six, at the latest, 
the still begins to run, and distillation proceeds all day, the last 
runnings of blue oil being over by 8 p.m. If distillation be in vacuo 
it will be over two hours earlier. The liquid residue is then transferred 
by an injector into the separate still, solely used for distilling green 
oil, and the main still recharged next morning with ready melted 
fresh rosin. Where turpentine is distilled, the rosin left in the 
turpentine still can be run into the rosin still, after well ventilating 
the latter for about a quarter of an hour to prevent risk of explosion, 
and worked all day, the operation concluding at 9 or 10 p.m. This 
arrangement dispenses with all night work, stillmen, for the sake 
of extra overtime, being apt on day shift to unduly prolong operations. 
Moreover, unless there are night factory superintendents the Stillman 
is not under such supervision as he is during the day, and is apt on 
occasion to force his stills in the early morning to make up for wilful 
neglect or irregular firing in the earlier hours of the night when he 
left the stills to take care of themselves. But by the arrangement 
just described this is obviated. Working thus, the stills can be 
charged four times a week, improving the quality of product and 
economizing in labour, repairs, etc., besides increasing the output. 
The residue from eight stills is united, and distilled, in smaller cast- 
iron stills, over direct fire and either to complete dryness or else to 
within a few per cent of green oil, the residue in the latter case being a 
more or less solid pitch suitable for working into black ships’ varnish, 
shoemakers’ pitch, and similar purposes. To prevent incrustation the 
stills should be cleaned out after every second distillation. This 
addition of paraffin oil yields better and paler products, free from 
vesicular rosin, carried over in the train of the vapour of the rosin 
spirit, and rosin oil, and thus more suitable for all usual purposes. 
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besides increasing the yield of pale oil by about 5 per cent. The 
yield from 5 tons of rosin so distilled averages : (a) 6 to 8 per cent 
of rosin spirit and acid water ; (b) 50 to 55 per cent pale rosin oil, for 
refining ; (c) 20 to 25 per cent of blue oil for the same purpose or for 
wagon grease ; (d) 6 to 7 per cent of green oil for working up into 
wagon grease and oarbolineum — i.e. a total of 80 to 82 per cent of 
distillate, leaving 15 to 18 per cent of residue, of which 5 to 7 per cent 
is utilizable gas and the remainder almost worthless. (The lime spoils 
the pitch.) To economize time and improve the quality of the pro- 
ducts the final fractions (green oil) are distilled in separate stills. 

The gas, of which there is but little, is highly inflammable, and 
dangerous fires have occurred through bringing a naked light too 
near the discharge pipe leading from the condenser. It is said to be 
highly anaesthetic, containing carbonic acid, carbonic oxide, ethylene 
and pentane. The percentage of rosin oil and other marketable 
products vary with the method, the quality, and the source of the 
rosin. Thus 1000 lb. yield : — 

TABLE XXXIX.— lil^HlTLTK OF DRY DISTILLATION OF ROSIN 
PER 1000 LB. 

Hemin. Winckler. 


lb. Ih. 

Crude rosin spirit and acid water . . . 90-100 90-100 

„ oil 720 712-760 

Pitch 80 80 


TABLE XL.— RESULTS OF DRY DISTILLATION OF ROSIN PER 100 LB. 
OF ROSIN DISTILTjED. 

Per cent. * 


1. Acid water (green acetic acid) 2*6 

2. Crude rosin spirit (D = 0*940) 5*0 

3. Light oil (0*960) 10*0 • 

4. Crude „ (0*980-0-990) 60*0 

6. Brand „ (0*990-1*000) 5 

6. Coke 2*6 

7. Loss and impurities 17*5 


The 60 per cent crude oil left on rectification 


TABLE XLI.— RESULTS OF RECTIFYING THE (60 PER CENT) CRUDE 
ROSIN OIL OBTAINED IN TABLE XL. 

Per cent. 


Light rosin spirit, specific gravity 0 880 .... 4*0 

„ oil, specific gravity 6*880-0*950 20*0 

Middle „ „ „ 0*950-0*980 60*0 

Brand „ „ „ 0*980-1*000 1,3*0 

Coke 0*5 


97*5 

Note especially that the rectification of the crude oil yields 4 per 
cent tosin spirit. It is a common saying amongst- rosin still-meil, 
that however often they redistil rosin oil they always get a certain 
amount of rosin spirit. Whether this is produced by “cracking” of 
the rosin oil or is merely due to imperfect fractional distillation in 
the various operations is a point which requires investigation. 
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The middle oil freed from its acid ingredients, 12 per cent, gave 
refined rosin oil. 

Kramer and Flammer distilled 5* metric tons of rosin in vaouo 
with the following results : — 

TABLE XLII.— RESULTS OBTAINED BY THE FRACTIONAL DISTILLA- 
TION OF 11,000 LB. ROSIN IN VACUO (KRAMER AND FLAMMER). 



Lb. 

Per cent. 

Rosin spirit 

330 

8 

Rosin oil, blonde (yellow coloured) 

6600 

60 

„ blue 

1870 

17 

„ green 

1660 

16 


Total 85 


Schweizer got the following percentage results : — 

TABLE XLIII.— RESULTS OBTAINED IN THE DESTRUCTIVE DISTILLA- 
TION OF ROSIN (SCHWEIZER). 


Per cent. 

Crude light rosin oil (rosin spirit, D = 0*891-0-895) . . 11*26-12*0 

„ heavy blue rosin oil (0*816-0*935) .... 49-60*6 

Brown rosin oil (“ train ” oil) (0*936-0*940) . . . 10-26-10-66 

Pitch 18-19 

Acid water 6*6-6‘8 


Dr. Thenius’ figures for 1000 lb. of rosin are : — 

TABLE XLIV.— RESULTS OBTAINED IN THE DESTRUCTIVE DISTILLA- 
TION OF ROSIN (THENIUS). 


Lb. 

Pyroligneous acid 67 

Crude rosin spirit of *89 specific gravity .... 114 

„ blue rosin oil of *93 specific gravity .... 600 

„ rosin oil (“ train ” oil) of *94 specific gravity . . 104 

Pitch 186 

Oas 40 


Boleg's figures for the same, distilled, however, with from 2^ per 
cent to 5 per cent of paraflSn oil, to prevent frothing, are as 
follow : — 

TABLE XLV.— RESULTS OBTAINED IN FRACTIONAL DISTILLATION OP 
ROSIN (BOLEG). 


Crude rosin spirit and water . 

Lb. 

60-80 

Yellow crude rosin oil 

• * • . . 600-660 

Blue „ „ . . 

160-200 

Green „ „ . . 

60-70 

Residue (valueless) . 

160 


The figures depend upon many causes, such as the form of still 
and the temperature. 

The distillation of rosin by superheated steam is not often 
practised except as an aid to fire heat, and its interest is as yet chiefly 
theoretical. A plant for the distillation of rosin in vacuo by aid of super- 
heated steam (]^g. 16) has been constructed by Kramer and Flammer ; 

9 
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the reeults are tabulated above, but Sohweizer says there is no advant- 
age neither in vactu) nor by injection of CO 2 , as the still is almost from 
the outset full of its own vapours to exclusion of air. Neither has 
distillation under pressure (p. 137) yet been adopted, and the most 
important method of preparing rosin oil is undoubtedly fractional dis- 
tillation over a naked fire, either of coal or of fuel provided by the 
gases escaping from the distilling rosin itself. The lower part of the 
still is usually prevented from coming into contact with the flames by 
a perforated baffle plate. The still is of iron, either wrought or oast, 
the former being preferable. They are used in all manner of sizes, 
from a capacity of 2 cwt. to one of 20 tons. The bigger they are 
the better, provided they can be filled. A large still is far more 
easily managed than a small one, and the course of the distillation is 



Pio. 16. — Kramer and Flammer’s Vacuum Bosin Still. A, still; a, 6, super- 
heated steam coil ; C, condenser ; D, J?, closed receivers. A steam ejector S works 
in JD. The reaction gas is brought from E and burned underneath the furnace. 

much more regular and certain. The best rule is to have a still 
capable of holding 5 cwt. for every d cwt. of charge. This obviates 
the risk of boiling over, as it allows room for frothing. But this 
should be guarded against. It is sometimes difficult to preven|> 
priming, but it is far more difficult to stop it once it has started in 
full swing. The abrupt slope of still neck (Fig. 16) courts priming. 

The condensing arrangements are of great importance. For the 
best work a simple worm-condenser is only sufficient if of great 
length. Two condensers should be provided, one for the rosin oils 
and the other for the earlier distillates. It is easy to arrange valves 
so as to turn the current of vapour from one condenser to the other 
at the right moment. A large tap must be provided in the bottom of 
the still for running out the pitch at the end of the distillation. In 
some works it is baled out through a manhole, with great waste of 
time and labour. Sometimes it is allowed to cool in the still and 
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then pioked out, but the sharpening of the picks is an expensive item 
unless there be a smithy on the works. The pitch is full of sharp 
sand which soon wears them away. Moreover, men at work in the 
bottom of a large stiU cannot very well be supervised. 

The Bosin Oil Industry in France : Present Practice . — In 1828 
Etienne, a druggist, at Monte de Marsan, Landes, took out a patent 
for converting rosin into an oil, which he termed pyrogenated. By 
distilling rosin over lime and fractionating the products, he produced 
limpid and transparent oils. The same processes are still in use in 
the Landes factories. These factories, to the number of six, are 
Earbes, Albert, Lesconzeres de Lostatot at Monte de Marsan ; 
Ponte at Dax ; Mespliede at Lesporon ; Castaigrede at Pissos. The 
French annual production may be estimated at 10,000 metric tons at 
the former average price of 10s. a cwt. The theory of the action of 
lime in the rosin still has not yet been satisfactorily determined. But 
it is right to say that under the action of heat the lime combines with 
the rosin acids, the base having a tendency to combine with the least 
volatile acids. The most fluid and volatile hydrocarbides distil over 
quite, in the beginning the differentiation of the distillates is facili- 
tated. By forcing the heat towards the end of the operation, the 
lime and rosin soaps then undergo destructive distillation and produce 
•green and blue oils. Lime increases the fluidity of the resulting 
oils, but the more lime added the more rosin soap is produced and 
the larger is the amount of dark oils towards the end of the distilla- 
tion, Beyond a certain amount of lime the greater fluidity of the oil 
is not compensated by the drawback of such a large quantity of 
dark-coloured last runnings. If the amount of lime to be added 
were estimated on the quantity necessary to form a neutral calcium 
rosinate, far too much would be used. With pimario acid the* re- 
action may be expressed thus : — 

CftO + 2 ((ajqH,,„ 02) = H^O (C3oH.j90jj)'‘dft 
Lime + Rosin Water + Lime Rosinate 

66 + 604 = 660 18 + 642 = 660 

Say 56 of lime for 604 of rosin, or 9*3 per cent. The quantities of 
lime which suit best vary between 1 and 2 per cent on the weight of 
rosin. The rosin .oils from both lime distilled and non-lime distilled 
rosins may be rectified, but the products from lime distilled rosins are 
much more fluid. Towards the end of the distillation the bulk in the 
still diminishes and the temperature reaches ^00° C. (932° F.). The 
organic compounds with a lime base are then reduced chiefly to car- 
bonate of lime, which retains a portion of the oxygen contained in 
the rosin. 

The small French rosin still consists of a lower hemisphere (the 
body of the still) which is filled with rosin and covered with a copper 
hemisphere, the still-head communicating with a copper coil immersed 
in a trough full of running water, the body of the still when full of 
raw material containing about 27 cwt. of rosin. The fire of spent 
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pine-wood is lighted under it without fixing on the still-head to pre- 
vent priming and let the water evaporate. When the rosin is melted 
the still-head is fixed to the body of the still and the joint is simply 
luted with a paste made of lime and clay. All danger of explosion 
is thus avoided, because if the tension of gas be too great the still-head 
is simply blown off and the gas escapes into the air. Directly the 
still-head is fixed on and luted distillation ensues and is carried on (a) 
rapidly, or (b) very slowly, according to the quality of the oils which it is 
desired to get. If it only lasts three or four hours the oils are “ hard ” 
or “heavy,” i.e. thick, viscous, and of density 0’980 to 0'990. 
Slow distillation lasts twelve to thirteen hours or longer ; in that case 
the oils pass over much paler and in a more limpid and less viscous 
condition. They are the soft or light oils. Their fluidity may be 
increased by mixing with the rosin 1 or 2 per cent of finely divided 
quicklime previous to charging the still. Fractions of different 
colours, densities, and chemical composition are thus obtained ac- 
cording to the stage of distillation at which the still has been “ cut ” 
in producing the fraction. The distillate is run into a receiver with a 
tap from which it runs into casks. 

Quick Distillation . — 1325 kilogrammes are rapidly distilled in 
from three to three and a half hours. There is then got consecu- 
tively (1) 30 kilogrammes of a light rosin spirit boiling between 108“^ 
and 150*’ C., a mixture of (toluene and retinyle), which when rectified 
gives rectified rosin spirit used in industry to replace spirits of tur- 
pentine and by railway companies to clean parts of engines ; (2) 
975 kilogrammes of a pale oil, “ hard,” heavy, viscous, and thick ; 
(3) 100 kilogrammes of blue oil of same quality, both sorts being 
used for grease-making. At the bottom of the still is a residue (4) 
of coke, solid, compact, and hard which is only got out with pickaxe 
or cold chisel, which with the incondensable gas makes a waste of 
221 kilogrammes, or 16 to 17 per cent according to purity of rosin 
employed. Instead of blonde oils paler “ soft ” ones may be got by 
distilling more slowly and keeping the condenser well cooled. 

TABLES XLVI AND XLVII.— RESULTS OF (a) QUICK AND (6) SLOW 
DISTILLATION OF ROSIN. 


{a) Quick Distillation— 1350 parts Rosin 
yielded:— 

(5) Slow Distillation— 1326 parts Rosin 
and 13 parts Lime yielded 

80 parts rosin spirit. 

975 „ „ oil, blonde. 

100 „ „ „ blue. 

221 „ pitch and loss. 

80 parts rosin spirit. 

260 „ „ oil, blonde. 

400 „ „ „ white. 

160 „ „ „ blonde. 

140 „ „ „ blue. 

80 „ „ „ green. 

278 „ pitoh and loss. 


In the rapid distillation of rosin (in four or five hours without 
adding lime) the distillate consists of a thick, viscous liquid (hard 
rosin oil). The users of this oil are not numerous ; it is us^, in 
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admixture with other rosin oils, in the manufacture of rosin grease — 
the so-called antifriction greases. One of these is said to be made 
as follows * Pulverized and sifted slaked lime, 1 cwt. ; pale rosin oil, 
2 cwt. ; hard rosin oil, 4 to 5 cwt., coloured with a little blue or 
green rosin oil. Such a formula is, however ridiculous ; a rosin 
grease, as will be seen later on, need contain no more than 2 or 3 
per cent of lime. Slow distillation has the following advantages over 
quick distillation : (1) The course of the distillation is more easily 
regulated and the products are more easily separated. (2) Overheat- 
ing is less frequent. (3) There is less mechanical carr 3 ring over of 
unchanged rosin, consequently the oils have less acidity and are less 
viscous. The empyreumatic odour of the products is less accentuated. 
(4) Finally, rapid distillation increases the proportion of the initial 
and final products, water and light spirit on the one hand and dark 
oils on the other, at the expense of tne middle runnings of pale oil. 
The shape of the still and the way in which heat is applied are im- 
portant. By carefully regulating the temperature, and by rapid or 
slow condensation of the vapours, the relative proportions of light 
and heavy products of rosin distillation may be very appreciably 
modified. Great heat long applied to a deep still in which the vapours 
fall back several times before passing to the condenser diminishes the 
proportion of colophene, but notably increases the extreme products 
of the series between terebene and metanaphthalene. Eosin is distilled 
in France in cast-iron stills of 20 hectolitres, 440 gallons capacity, 
and thus capable of taking a charge of 2 tons of rosin. The body of 
the still is, generally, hemispherical. However, a Landes factory 
has experimented with an elongated, deep still, so as to lessen the 
space occupied. [Such a type of still will, of course, tend to “ crack ” 
the rosin oil and give a large yield of rosin spirit.] The object to 
attain is evidently a practical shape with the maximum of heating 
surface. Take a still consisting of a hemisphere and a cylinder of 
the same radius x, the height of the cylinder being y, the heating 
surface is then 

S ;= Ittx^ + ^TTxy = ‘^TTx (x + y). 

The total height of the still is thus limited (1) by the furnace, and (2) 
by the upper level of the mass of masonry ; hence, 

X + y — TL and S = 27rHir. 

The heating surface varies, therefore, with x and becomes a maxi- 
mum at the same time as x. Th s latter quantity attains its greater 
value for y = Oj hence £C = H. In the present instance the hemispheri- 
cal form gives the maximum of heating surface. Generally stills are 
grouped in pairs for the one still-head and condenser. One of the 
stills is cleansed, then filled with rosin, while the other is being 
charged. Wrought-iron still-heads become corroded in a few days 
and numerous mishaps occur. Moreover, the pyrogenated acids 
yield iron salts, which contaminate the oils, rendering them dull and 
rusty. The still-head of red copper is alone used nowadays. If 
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there be back draughts, vapours slacken and much incondensable gas 
issues. The back draughts at this temperature are not very appreci- 
able, because the last runnings are of high boiling-point and thus 
easily condensable. This is not so, however, if boiling occurs in the 
first part of the distillation. A thermometer ought always to be 
placed in the condenser vat. A continuous method of rosin distilla- 
tion, invented thirty years ago by Garde, has not been generally 
adopted. The rosin is melted in A and flows from time to time by 
the valve h. The tap o is kept open and the heavy liquids pass over 
into 0. In such conditions water, light spirit, and pale oil run 
continuously from the still B, whilst dark oil flows from the still C. 

Details of French Distillation Process with Lime . — The still-head 
is fixed on the body of the still, filled with 2 metric tons of rosin, 
to which 20 kilogrammes, say 2 per cent, of quicklime has been 
added. The still-head is luted to the body of the still with potter’s 
clay. The still mounted on a fire bridge is heated by wood. How- 
ever, Farbes of Monte de Marsan utilizes the gas from the destructive 



Fig. 17. — Garde’s Rosin Still. 


distillation of pine-wood. The fire is lighted at 3 o’clock in the 
morning and the heat regulated moderately until the rosin begins 
to melt — in about three hours. 

The fire is urged until fusion is complete, then moderated as 
soon as distillation commences. There distil in succession (1) in- 
condensable gases ; (2) acid water containing acetic acid but in too 
small quantity generally to be profitably converted into acetate; 
(3) rosin spirit, a brownish-red mobile liquid with a strong, empyreu- 
matic odour ; (4) brown oils ; (5) pale oils ; (6) blue oils ; (7) green 
oils. Water, gas, volatile acids, bulk largely at the beginning of the 
distillation, but these substances continue to distil during the whole 
operation and contaminate the oils. The latter are collected in a 
cast-iron tank, with a lower orifice for the exit of the water and an 
upper orifice for the evacuation of the oil. The distillate runs from 
6 a.m. to 6 p.m. 

The products of the dry distillation of rosin are, as will be seen, 
many and varied. Some are solid, rosin, lime, a mixture of coke and 
carbonate of lime, detached by picking from the side of the still in too 
quick distillation by overheating. Yet it is desirable to facilitate the 
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exit of the vapours from the still by a suitable form of still-head, which 
is chosen wide, flat, and the lower face with an accentuated slope. 
Copper coils are also preferred to iron coils. However, the last metal 
is sometimes utilized for the coils of rectifying stills, the oils to be 
then condensed being but feebly acid. Often towards the close of 
the destructive distillation the water of the condensing vats is in full 
boil ; the condensed distillate contains water, acetic acid, volatile 
acids, aldehydes, hydrocarbides. The latter are especially numerous, 
and the chief may be resolved into two groups: (1) heptane C-Hjj, 
octane and spirits of turpentine which form the bulk 

of rosin spirit; (2) diterebenthyl C20H30, diterebenthylene CaoHgg, 
dideoene C20H3Q, colophene C20H3JJ, the chief constituents of rosin oil. 
Finally, the gaseous products escaping condensation are carbonic acid 
CO2, carbonic oxide CO, methane CH^, ethylene CgH^, butylene 
C4H3. The average price of first quality crude oil until the recent 
great rise was from 18 to 19 francs the 100 kilogrammes at the 
rosin distillery, and the profit and loss account was as follows : — 

ItABLE XLVIII.— PROFIT AND liOSS ACCOUNT OF A FRENCH ROSIN 
DISTILLERY. 


Receipts. 

Francs. 

Francs 

5 kilogrammes rosin spirit at 0*25 fr. 

1-25 


80 „ „ oil at 0-19 fr. . 

15-2 



— 

16-46 

Expenditure. 

Francs. 


100 kilogrammes pale rosin .... 

10-00 


Packing 1 barrel, 3 fr. for 300 kilos 

1-00 


Carriage of rosin 

0-5 


Fuel 

1-0 


Labour 

0-5 


Package for 80 kilos of oil . 

2-5 

16-50 

Profit per 100 kilogrammes of rosin distilled 

. 

0-96 

The products obtained in distillation and their percentage : — 

Acid water 


Lb. 

6 

Rosin spirit 


3-5 

Pale rosin oil 

, , 

60 

Green and blue rosin oil , *. . . 

. 

20 

Coke and volatile gases 

• 

10 



100 


The white oils are the most abundant, amounting to 22 to 24 
cwt. out of 32. They have a brownish-yellow tint, and are very 
fluid. Their density varies from 0 *990 to 1 *000. They will not congeal 
even in the greatest frost. They have good lubricating qualities, but, 
unfortunately, they resinify very quickly in contact with the air ; and 
for this reason, and their strong odour,*' the use of them for lubricating 
pi^poses has always been limited. The railway companies and 
mine owners, however, use them very largely after having mixed 
them with from 26 to 60 per cent of colza or mineral oil. They 
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are also used either alone or mixed with linseed oil in making printing 
inks. (This treatise, Vol. I, Chap. IV, pp. 62-71.) 

The blue oils are the distillation products which pass over 
immediately after the white oil They have a very decided bluish 
fluorescence, and a density much the same as the white oils. Finally, 
when the distillation is nearing its end the green oils come over, which 
have a still more decided shade and a beautiful green fluorescence. 
They are always mixed with a large proportion of water, from which 
it is often difficult to free them. These oils are more fluid than the 
white oils ; in fact, they contain a strong proportion of spirit due 
to the commencement of the pyrogenation of the oolophene by reason 
of the high temperature to which it is then submitted in the distilling 
apparatus. The blue and green oils are used for general lubricating 
purposes. 

It is difficult to assign a fixed chemical formula for each of these 
categories of oil. The composition of each varies with the proportion 
of carbon and hydrogen at every operation, since it depends upon the 
manner in which the distillation is conducted and the quantity of 
lime that is added. The lime aots chemically, seeing that it produces 
green color ations which do not occur in the distillations of rosin with' 
out the addition of lime, but it acts mechanically also, and in a greater 
degree by dividing the molecules of the material to be distilled. 
The lime has also the advantage of neutralizing the rosin acids, 
which, although weak, exist in rosin oils just as free fatty acid in 
vegetable oils, and may likewise be detected in them by litmus paper. 

Greater fluidity is got in the oils by numerous means ; first of 
all by augmenting the proportion of lime, but this lessens the 
proportion of blonde and white oils obtained, and these are the 
most valuable. The quantity of blue and green oils called “low 
products” increases at the expense of the white and blonde. 
The oils can also be rectified by a second or third distillation, and 
still lighter oils are obtained at each operation, which the pitch left 
at the bottom of the vessel after each operation easily explains. 

It has been seen that the oils distilled over when lime is added 
assume different colours at various periods of the distillation. Blonde 
at first, they turn white, then blonde again, then blue and green. 
Nevertheless, to obtain these different colours pale rosins must be 
used ; with black rosins the tints have a tendency to darken, and 
not even the white oil is obtained. Each of these colours is in re- 
quest in commerce for some particular use or other. The makers of 
printing inks require very fluid oils without viscosity and a limpid 
white or blonde. They must have a density approaching as nearly as 
possible that of linseed oil, with which they are mixed, or for which 
they are substituted in the manufacture of printing inks. The oil 
merchants who use rosin oils^ to make mixtures with mineral or 
vegetable oils require the oil to be of a colour and density approaching 
as nearly as possible that of the oil with which they want to make 
a mixture. The French railway companies, who make a mixture of 
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equal propottions of colza and rosin oil for wagon grease, choose 
the blonde because it is the same colour as colza, and they also exact 
a particular density. It must be fluid in order to travel quickly by 
capillarity through the wick of cotton by which it communicates with 
the axles. 

The manufacturers of grease take the colour which they wish to 
give to their grease — green, blue, or blonde ; and white when they 
want to get a grease of a fancy shade — rose, violet, or chocolate, for 
instance, tints which they obtain by mixing colouring matters in 
powder or in solution with their white oil. The mine owners, who 
use rosin oil to lubricate their wagons, are indifferent about the 
colour, and content themselves with the blue or green oils, but they 
waUt them strong and thick, or light and fluid, according to the kind 
of machine to be lubricated, and according as to whether the oil is 
directly dropped on to the bearings in which case it must be adherent 
and viscous, or whether it has to be shut in a box, from which it can 
escape drop by drop over the axle, in which case it must be very 
light and as free from carbon as possible, in order not to foul the 
axle. But all these users want an oil as limpid as possible, trans- 
luoid and not opaque, and free from that unequal appearance which 
shows that mucilage and water have been carried over with it in the 
process of “ distillation To meet the requirements of the purpose to 
which the rosin oil is to be applied, the rosin oil distiller must know 
the exact time to cut his still for that particular purpose. 

Distillation under Pressure of Turpentine^ Rosin ^ Rosin Spirit) 
and Rosin Oil, — Turpentine oleo-resin, spirits of turpentine, rosin, 
rosin spirit, and rosin oils (blonde, blue, and green) have been distilled 
under pressure with results of high practical value. Turpentine 
oleo-resin distilled under 2 to 4 atmospheres pressure gives, in the 
first place, a turpentine oil of much lower density than otherwise 
attainable, the total product — which is some 5 to 6 per cent greater 
than from ordinary distillation — ^forming, when mixed, a normal 
turpentine oil of specific gravity 0 '860/62. In this case the use of direct 
steam is advisable, although indirect steam, gradually heated to 
200° C., answers very well. A tubular condenser can be used with 
advantage, and the increased yield shows the practical benefit of 
the method. On the other hand, sundry experimental distillations 
and rectifications of turpentine oil under a few atmospheres pressure 
led to no results capable of utilization in practice, the product, though 
specifically lighter and of milder odour, being in point of solvent 
power and other qualitative properties in no way superior to ordinary 
turpentine oil. Probably, however, further strictly theoretical labours 
in this connexion may lead to new and scientifically valuable issues, 
since the extremely fine essences — ^recalling various fruity ethers — 
obtained in the fractionation of the first runnings have not, so fw, 
been more minutely investigated, and are, therefore, full of interest to 
the scientist. These remarks apply equally to the essences obtained 
from the tar deposited when this turpentine oil is washed with soda lye. 
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The attempts made to distil rosin under pressure have not hitherto 
proved satisfactory, owing to the troublesome and protracted labour 
required, the use of direct steam being precluded. It is true that 
a much larger yield of good rosin spirit and rosin oil can be produced, 
but this object is attainable by simpler means, and consequently the 
application of this method to that purpose need not be further dis- 
cussed. 

More advantageous is its employment in the distillation of rosin 
spirit and rosin oils, in both of which cases it is certain to prove 
beneficial and profitable, at least in large works. In the ordinary 
methods of rectification applied to crude rosin spirit, to fit it for work- 
ing up to turpentine oil, only about 50 per cent of workable spirit is 
recovered, together with a light rosin oil of inferior quality ; whereas 
by distillation under 3 to 4 atmospheres, at least 80 per cent of 
suitable rosin spirit can be recovered. Moreover, up to 20 per cent 
can be recovered from the blonde rosin oil, 5 per cent from the blue 
oil, and about 10 per cent from the green oil, a total — including the 
pinolin already mentioned — of about 38 per cent. The rosin oils 
thus prepared from the blonde and blue oils are light, very pale in 
colour, and of extremely mild odour, and consequently in good request 
for numerous purposes, the green oil yielding, without any further 
distillation, a thick, quick- drying oil, principally useful for the manu- 
facture of carbolineum. 

In another branch various wood-tar oils from a cellulose factory 
employing pine, and a Finland wood-tar oil, may be distilled under 
a pressure of 4 to 9 atmospheres, with the object of increasing the 
yield of light oil. (The increased yield of spirit is all through due 
to ** cracking ”.) 



CHAPTEE XL 

ROSIN SPIRIT— ROSIN OIL. 

Rosin Spirit . — The German “pinolin," the French “essence vive 
de resine,” is used abroad for cleaning machinery, when refined with 
sulphuric acid and soda, and redistilled it is used to adulterate spirits 
of turpentine. Crude unrectified rosin spirit has a not over-pleasant 
smell, dark port wine to claret colour, and a decided blue fluorescence, 
so that it can only be used in the making of black and white ships' 
varnish. It finds a use in the making of wagon grease. It abounds 
in rosin acids carried over vesicularly. These acids form rosinates of 
lime with the lime water, and being insoluble in the latter liquid they 
separate out in the form of a curd. When say 6 per cent or less of 
this curd is churned with rosin oil, it forms with it a semi-solution or 
emulsion which soon solidifies into a more or less consistent lubricant. 
It is incorrect to say that the lime combines with the rosin oil 
hydrocarbide up to (CiQH^^)^®CaO. Lime no more combines with 
neutral unresinified rosin oil than it does with neutral mineral oil. 
If the above lime rosinate compound be dissolved in mineral oil a 
similar grease will be formed. 

Rectification . — The crude rosin spirit is simply redistilled over a' 
naked fire with the aid of finely divided steam and with or with- 
out the addition of 3 to 5 per cent of powdered lime and of per 
cent of soda lye. It is, however, far better to redistil it in vacuo by 
direct or indirect steam and a double discharge condenser, by the 
use, in fact, of plant specially constructed for the purpose. Pale spirit 
free from rosin acids and rosin oil and of a pleasant mild aroma 
is thus obtained. Such a spirit commands a higher price in the 
market, besides there is an increased yield of 5’7 per cent more than in 
the ordinary precarious rectification over a naked fire. The residual 
light rosin oil left from several rectifications of rosin spirit is gener- 
ally separated in a still by direct fire. A more rational method is as 
follows : The crude rosin spirit of density 0*855 to 0*900 is best treated 
(washed) by direct steam in a tank at 80° to 100° (176° to 212° F.) with 
3 to 3^ per cent soda lye of 36° to 40° Baume (66*4° to 76° Tw.), say 4 
to 5 lb. of 77 per cent caustic, soda in 1 gallon, i.e. about equal parts of 
caustic soda and water by weight. After an hour’s treatment the lye is 
run off and the oil again washed with tepid water. After running off the 
wash water it is mixed with 2 per cent of concentrated sulphuric acid 

(139) 
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(168® Tw.) at a low temperature, 16® to 26® C. (69® to 77® F.), in another 
vessel fitted with a meohanicaJ or an air agitator. After allowing the 
acid to settle out, which takes place in about three or four hours, it is 
again washed with 2 per cent of soda by direct steam so as to neutralize 
the product completely. It is finally rectified in vamo by direct 
and indirect steam after admixture with \ per cent soda lye and 3 to 6 
per cent of lime water. The now perfectly limpid rosin spirit has a 
pleasant but characteristic mild aroma, which it is said may be 
improved by the addition of charcoal during distillation. It is now 
identical in gravity with spirits of turpentine and similar in properties. 
The gravity of 0 *860 to 0 *865 is easily maintained. It is claimed there- 
fore that it can after this treatment be used either alone as a substi- 
tute for spirits of turpentine or in admixture with it. To render this 
rosin spirit admixture more similar to commercial spirits of turpen- 
tine, it may be mixed prior to rectification with a few per cents of 
the essential oil distilled from pine stumps, etc. 

Bosin Oil. — According to Renard rosin oil consists of : — 

TABLE XLIX.— COMPOSITION OF ROSIN OIL. 

Density. Per cent. 

1. Diterebenthyle CjoHjj, boiling-point 333°-336° C. . 0*9688 80 

2. Diterebenthylene boiling-point 345°-360° C. 0*989 10 

3. Didecene CaoHag, boiling-point 330®-335° C. . . 0*936 10 

100 

(1) Diterebenthyle CioHjg is a colourless oil, boiling at 333® to 336® 
C., and of density 0 9688 at 18® C., rotating the planes of polarized 
light 0*590 to the right (dextro-rotatory). Its index of refraction is 
1*53. In a thin layer it absorbs 10 per cent of oxygen from the air. 
Concentrated sulphuric acid converts it into a sulphuric derivative. 
It is attacked by chromic acid, nitric acid, and bromine, like the 
terpene hydrocarbons. (2) Diterebenthylene CjoH ,4 is a thick colourless 
oil, slightly fluorescent, boiling at 346® to 350^ C. Its density is 
0*9821 at 120® C. It is dextro-rotatory ( + 4®). It does not change on 
exposure to the air, and neither sulphuric nor hydrochloric acid have 
any action upon it. (3) Didecene is a colourless, non-fluor- 

escent oil, boiling at 330® to 335° C., and possessing a density of 
0*9362 at -i- 12® C. It is levo-rotatory ( - 2°). It does not change 
on exposure to the air, and neither sulphuric nor nitric acid have any 
action upon it. 

Sulphuric Acid Spot Test. — One drop spotted on ten of oil gives 
a brownish-red nucleus, quickly passing to black. This test is so 
delicate that it allows a minute quantity (1 or 2 per cent) to be 
detected in linseed oil. It is a waste of time and dear chemicals to 
apply any of the numerous modifications of Liebermann’s test. The 
density of rosin oil is comparatively high, as shown in Tables XL, 
XLI, XLIII, XLIV, XLIX, L. 
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TABLE L.— PHYSICAL PROPERTIES OF THE VARIOUS OILS FROM 
THE DRY DISTILLATION OP ROSIN. 


Description of Oil. 

Average 
Density 
at 16 ° 

C. 

Co-efficient 

of 

Expansion. 

Density 
at 16 ® C. in 
Relation to 
Density at 
t®. 

Pale oil, first distillation 

Pale oil rectified by second distillation . 

Blue oil 

Green oil . ■ 

Spirits of turpentine 

0-9823 

0-9712 

0-9810 

0-9901 

0-8690 

0-000663 

0-000673 

0-000717 

0-000660 

0-000918 

0-00064t 

0*00065 

0*00070 

0-00066 

0-000789 


Rosin oil is insoluble in water and in ethylic alcohol. On 
boiling with a large excess of 95 per cent alcohol, rosin oil is slightly 
soluble, but the dissolved oil settles out on cooling. Rosin oil 
is not saponifiable, but in distilling it carries unchanged rosin over 
in its train which renders it acid. Rosin oil containing entrained 
rosin thus yields, with alkalis, rosin soaps, imparting a milky aspect 
to the oil. These oils consist essentially of hydrocarbides and can in 
no way be compared with fatty oils. The rosin oil from the middle 
runnings has several defects which depreciate its market value. It is 
cloudy, more or less dark coloured, acid, has an empyreumatio smell, a 
fluorescent reflex (bloom), and great viscosity. To remove or mitigate 
these defects the oil is refined. 

Leaving the naturally fluorescent bluish-greenish-brown colour of 
crude rosin out of account for the moment, it is to be observed that 
its dull, • cloudy nature is due to the presence of small quantities of 
organically derived water formed during and as a result of the de- 
structive distillation of the rosin or as a result of a saponification of 
a part of the rosin being distilled by the lime used in the fire (see 
Equation , p. 1 31) . This organically derived water distils over with the 
hydrocarbide vapours which the oil retains in the form of highly 
comminuted globules constituting an emulsion. These water glob- 
ules may be removed by heating the oil, and if, during heating, air 
be injected, the exit of the steam from this organically derived water 
is facilitated. The operation is performed in, say, a 220 gallon tank, 
fitted with a steam coil and air injector. This heating, however, 
darkens the oil, but possibly this is due to a certain extent to the fact 
that water-freed oil, of whatever nature, is always much darker in 
colour than the water-logged oil, or emulsion, from which it is derived. 
Neither does heating with injection of air completely remove the smell. 
Again, if the operation be conducted at a higher temperature than 110 
to 120° 0. (230 to 246), the viscosity of the oil is much increased, 
and, possibly, its acidity. In regard to the sun-bleaching method, 
proposed by Dorian twenty years ago, viz, to let the rosin oils to be 
refined stand in wide tanks, exposed to the sun under glass roofs. 
There are the same objections to this method as to the sun-bleaching 
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of linseed oil (see VoL I, pp. 17-18) ; moreover, rosin oil does not 
lend itself so kindly to sun-bleaching as linseed oil. Therefore the 
sun-bleaching of rosin oil is in Britain less practised than that of 
linseed oil. Eosin oil may be rectified by potters* clay. The clay 
is purified, sifted, and dried at 300“ C. (672° F.) in a suitable vessel 
and sifted hot on to the surface of the oil. Fullers’ earth might also 



Fig. 18.— Rosin Oil Refining Tank. 


A, B. Stuffing-boxes for raising or 
lowering steam-coil. 

1. Steam entrance. 

2. Lye and water tank. 

8. Steam entrance. 

4. Water entrance. 

6. Manhole and water and lye draw- 
off tap. 


6. Lye spray and water spray. 

7. Wash tank. 

8. Perforated steam coil. 

9-10. Draw-off tap for refined oil. 

11. Draw-off tap for water and spent 
lye. 


Uiot efficiently. At the same time the oil is slightly bleached ; 1 to 2 
per cent of clay gives good results. The oily mud should be run into 
tanks to deposit or passed through a filter press. Other dehydrating 
agents give good results, sodium, fused calcium chloride, etc. 

Eefining Bosin Oil : German Process , — The apparatus consists of a 
washing tank (Figs. 18-20) 10 feet by 5 feet by 6 feet, and a bleaching 
tank (Fig. 21) of similar size. Five tons of blonde oil are placed in the 
former to allow the acetic acid water to settle ; about four parts of hot 
water are added, and the whole boiled by direot steam. When freed 
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from acid water the oil is again boiled by direot steam, and treated with 
4 to per cent of soda lye of 36° to 40° B., specific gravity 1 •332-1 ‘383, 
sprinkled over the surface, the heating being continued until a sample 



Fio. 19. — Rosin Oil Refining Tank. 

1, Thermometer. 3. Draw-off taps for test-samples. 

2. Oil-gauge. 

shows the oil to be free from rosin and acid, whereupon the steam must 
be instantly shut off or the product will assume a dark colour and tur- 
bidity due to dissolved rosin soaps ; the steam coil should then be at 



Fio. 20. — Rosin Oil Refining Tank. 

1. Steam entrance. 8. Ground plan. 

2. Steam ooil. 4. Water and spent lye exit. 


once lifted out of the liquid. Immediately after the steam is shut ofi^ 
the steam ooil, with its attached, feed pipes, is lifted up out of the oil 
by means of the stuffing-box arrangement in the head of the vessel, 




144 


T3[IE OP 

and is cleared of liquid by a momentary blast of steam. An improve- 
ment due to Boleg, which will be appreciated by practical men, en- 
tirely obviating the cleansing of the coil after alkali washing, and before 
the after-washing is begun, a drawback hitherto incidental to the 
refining of rosin oil, whether the washing was effected in similar 



vessels or in those fitted with agitators, viz. that as small quantities 
of rosin soaps adhered to the stirrers oi the coil, the oil was always, 
to some extent, contaminated and darkened in colour, and frequently 
rendered persistently turbid during the subsequent washing with 
water, to avoid which the only feasible method was the tedious plan 
of having a separate washing tank for the second operation. The new 
appliance saves the loss of time in transferring from one vessel to 
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another, and the cost of a second tank, besides yielding a much 
cleaner, paler, and always bright oil. After leaving the whole at 
rest for about an hour to enable the lye to subside, it is drawn off 
' into a vessel until pure oil begins to run out of the tap. The steam 
coil is then lowered again and direct steam passed gradually, and 

• carefully, into the oil, warm 50“ to 60“ C. (122“ to 140“ F.) water, to 
the extent of about one-third the volunie of oil present, being at the 
same time run in from the lye and water tank. Here again care is 
necessary not to boil the mixture too violently or too long, a tem- 
perature of 105“ C. (221“ F.) being the maximum, and the operation 
continuing only until a test sample shows that the water (like the 
lye in the former washing) settles down quickly and leaves the oil 
-clear! With accurate working the water will subside completely 
.within the hour, and in such event — if, as should be the case, the 
oil be clear and the washings do not appear too dirty and soapy — no 
further treatment will be required, and the oil can be drawn off 
through the upper tap into the bleaching (oxidizing) apparatus. The 
best results, pale, odourless oils free from resins and acids, are got 
thus ; The oil, occupying a depth of 30 to 40 inches in the vessel, 
and previously warmed by indirect steam to a temperature of about 
60“ C. (140“ F.) is treated for two to three hours with a current of air 
at 60“ to 80“ C. (140“ to 176“ F.) forced in by means of a blower, 
through a finely perforated coil, the light oil vapours and gases 
evolved at the surface being drawn off by a fan and discharged through 
a wide pipe into the condenser — an operation which is indispensable 
■to this process, but which is often erroneously omitted. By in- 
creasing steam and air the temperature of the oil is raised to 115“ C. 
(239“ F.) in the coui-se of the next hour, and is there maintained for 
fifteen to (maximum) thirty minutes to remove the fluorescence (bloom) 
of the oil, which thus loses its bluish cast, whilst the evolved vapours 
acquire a peculiar, pungent, camphor-like odour. The exhaustion 
of these vapours is continued in the storage and cooling tanks until 
the temper,! ture of the oil has fallen to about 30“ C. (87“ F.). This 
is found to be indispensable for the production of fine, clear, and in- 
odorous oils. Open bleaching pans have proved both troublesome 
and actually dangerous ; but an addition of 10 to 15 percent of brine 
to the oil — the water lost by evaporation being replaced by hot water 
either every half-hour or twice during the final hour — prevents the 
renew’ed formation of oxidation and empyreumatic resins, and absorbs 
the substances which would go to form these resins, its colour being 
thereby changed to brown though it separates out easily. The now- 
finidhed oil is free from rosin and acids, so that, unlike oils bleached 
by other methods, it no longer reacts with caustic soda. This, Boleg 
claims, is the sole method yielding rosin oils drying without cracking 
or tackiness, and suitable for boiled oil and varnish-making. The 

• same method as for criule blonde oil is employed in working up rectu 
fied Of double distilled blonde oil for special purposes, d.g. lubricating 
oil, the vapours being continuously drawn off and salt water added^ 

10 
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the only dififerenoes being that to 2 per cent less oaustio soda lye 
(le. only 3 to 3^ percent) is needed^ and that the temperature of 
the oil at the close of the bleaching process is not allowed to rise 
above lOS"* C. (239° F.). For refining blue oil the same method is pur- 
sued, 3 to 4 per cent of lye being used ; but to obtain a clear, trans- 
parent product, not too deep red in colour, the oil should be treated, 
or at least washed, while fresh from the stilly and worked tip immediately 
after rectifying. A fine orange-yellow^ to pale red oil, suitable for 
many purposes, is thus produced. The practice of employing sul- 
phuric acid to make the oil water-white is to be condemned, a better 
result being attainable by the addition of quicklime or caustic soda, 
and animal or wood^jsllfarcoal to the oil during the rectification in 
vaciWt time and expe^e being also saved. The oils prepared as 
above being free from acids and rosin, and having exceedingly mild 
aroma, are far more suitable for their various uses than common oils 
and can thus be utiUzed to better advantage. The various grades can 
be employed, according? to quality, for making paint, printers’ ink, 
lubricating oil, preparations for boring and planing tools, polishes, 
woodw^ork, leather work, as preservatives, for making carbolineum, 
artificial train oil and d^gras, in the linoleum, insulating material, 
soap and perfumery industries, and for medicinal purposes. 

Befining Bosin Oil : French Methods. — Several processes are in 
vogue : (1) The simplest is to age the oil, that is to say, allow' it 
to settle for a long time in capacious tanks, and to let it clarify 
spontaneously by deposition. The water and other impurities 
settle out, and the clarified oil can then be decanted, or run off from 
above. But such a process is both costly and tedious, entailing 
costly plant and much space. (2) The oil is heated in copper pans 
either over the open fire or by a steam jacket. The oil loses its 
viscou^/nature rapidly bn heating, much quicker, indeed, than one 
would natpilE^lly imagine. The oil having thus been converted into 
a moldfe liquid by heat, ^e path is open for the impurities to settle 
out, but-Hhe colour darkens rapidly in the process, or is thought so 
to do. But an emulsion, or an oil containing much diffused water, 
18 always paler than the same oil free from water. (3) Some rosin 
oil refiners treat the oil by sulphuric acid, as in Thenard’s process 
for refining linseed oil (Vol. I, pp. 15-16). The sulphuric acid chars 
the resinous maUer. but it is difficult to wash the oil free from acid, 
even after treatmnt with soda and redistillation. The sulphuric 
acid spliU the on ^^/ihto two portions. One portion, the main bulk 
of the oil, is insqhiblie in the acid, and when washed with soda and 
rectified furnishes an oil only very slightly attacked by the oxygen of 
the air, and perfectly resistant to sulphuric acid. The other portion 
is soluble in sulphuric acid, from which it separates out, on the addi- 
tion of water, and resinifies very quickly in the air by absorption of 
oxygen. Sometimes the rosin oil is purified by redistilling it, but 
this entails a Idss of 6 to 8 per cent, part of which is rosin spirit col- 
lected apart. 
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4. Bleaching Bosin Oil by Sunlight . — The regular and strong heat 
of the southern sun projected on the surface of a tank filled with 
rosin oil quickly precipitates the resinous matter and water to the 
bottom and the clear pale oil floats to the surface. Capacious 
shallow tanks are covered with glass frames, -filled with rosin oil, 
and exposed to the sun, which is said to bleach the oil in a few days. 
To deodorize and de-bloom and to free it from vesicular rosin, the 
oil to be purified is mixed with soda 13 ’e, and constantly stirred by a 
mechanical agitator, in a semi-cylindrical open pan, heated to 120” 
C. (248° F.) on the open fire or by an open steam coil. In the 
latter case agitation may be dispensed with. The soda saponifies and 
dissolves the rosin, water is then added, and the heat brought to 
40° to 50° C. (104 ’ to 122° F.) and the whole allowed to settle. The 
oil is then siphoned off, washed again with hot water, and exposed 
to" the ah'" in capacious shallow tanks. It is kept at a temperature of 
50° to 70° C. (122° to 158° R), and after a few days the oil is de- 
bloomed and deodorized. The decanted oil is then perfectly pale, 
odourless, and will not resinifj". It is also free from the entrained 
rosin acids, which have been neutmlized by the caustic soda. 

5. Siccative Rosin Oil . — When required for paint purposes a sicca- 
tive rosin oil may be made as follows : (1) Agitate the oil with 2 
per cent sulphuric acid in a lead-lined tank. (2) Wash with boiling 
water in a current of steam. (3) Macerate the oil for two hours over 
pulverized quicklime. (4) Distil the oil over same quicklime. (5) 
Wash with boilin'j water in a current of steam. (6) Boil for two 
hours with 8 per cent of dry white lead. 

The oil becomes siccative. It is left to settle and then exposed 
to sunlight to bleach it. 

6. Oxidation of Rosin Oil. Boiling of Paint Oil . — This is best 
done in a cylindrical vessel with a conical bottom and a jacket for 
heating with steam. The oil having been heated in the vessel to 100° 
to 1,10° C. air is blown through the oil. This at first brings the tem- 
perature down slowly to about 90° C., but it then rises again. When 
it has reached 130° C. both steam and air are shut off, and the apparatus 
is cooled to 110° by passing cold water through the jacket. The steam- 
ing and blasting are then repeated once nmre. When the operation is 
over, the oil has lost the characteristic features of rosin oil, and has 
a pale brown colour. It has also thickened considerably, and has 
acquired an agreeable smell, like that of molasses. If pale yellow 
oil is wanted, the resin oil must undergo a further distillation before 
oxidation, but the remainder of the process is as above. If these 
prepared rosin oils are painted on a plate of glass side by side with 
boiled oil, they both dry in about the same time, with a slight 
advantage in favour of the linseed oil. The dry coat from the rosin 
oil is vety hard and brilliant, will not crack, and resists weather well. 
Six months’ ordinary exposure has no effect on it. The rosin oil ' 
product is improved by the addition, of 10 per cent of oil of turpen- 
tine or 20 per cent of good boiled oil. 
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Dehlooming . — Kosin oils are naturally differentiated from all 
fixed vegetable and animal oils by their characteristic blue or green 
fluorescence. Mineral oils exhibit a similar fluorescence or “ bloom,” 
which is the more common term in the trade. This bloom is easily 
detected by turning the back to the light in examining the sample, 
or by spotting the oil on a black background. In blending rosin 
oil with animal or vegetable oils it is often attempted to elimin- 
ate the bloom. This is so far effected by previously treating the 
rosin oil with nitro-naphthaline, a yellow crystalline body used 
as a dye-stuff of the formula CjyHj-NO.>. The pulverized nitro- 
naphthaline is dissolved in a small quantity of oil and added in the 
proportion of ^ to 2 lb. per cwt. of oil according to the amount of 
bloom. Nitro-naphthaline renders previously neutral oils slightly 
acid. Mirbane oil likewise deblooms rosin oil, but the amount 
of debloomer required in that case renders the process unprofitable. 
Again, theoretical men point out that diterebenthyle and didecene, 
the non-fluorescent hydrocarbides, boil at 330° to 335° C. (626° to 
635° F.) whilst fluorescent diterebenthylene boils at 345° to 350° C. 
(653° to 662° F.). By carefully watching the temperature, and 
cutting the stills at the proper time during rectification it is said 
non-fluorescent oils may be afterwards selected, but there is a great 
deal of difference in controlling a gas-heated glass retort and in work- 
ing a copper or iron still heated over a naked fire. Kosin oil has a 
very pronounced empyreumatic odour which is even more pronounced 
in the case of rosin spirit. Regulated heating does not completely 
deodorize the oil, and washing with, and rectification over, soda Ijre 
is necessary to remove the strong-smelling principles. Moreov^, 
very pale almost colourless oils are so obtained. To remove tl^ 
smell, washing w ith soda followed by agitation with sulphuric acid is 
of all processes said to be that which appears to yield the best results, 
but this method has not been adopted in actual practice, possibly 
because it is found too costly, the oil requiring to be redistilled after ' 
treatment. The process most often adopted is to rectify the oil in 
stills capable of holding to 5 tons of oil. Above the body of the 
still underneath the still-head a basket is hooked on containing soda 
which falls gradually into the oil as it is dissolved by the vapours on 
their way to the condenser. It is necessary to apply heat very 
gradually so that the rectification lasts thirty-six hours. When the 
oil is hot a current of steam may be carefully applied, but that is a 
delicate operation. If the water, not converted into steam, accumu- 
lates at the bottom of the pan it gives rise to bumping or even ex- • 
plosions. A pyrometer is then indispensable. Nitro-naphthaline 
imparts to oils deodorized by rectification a slight smell which attenu- 
ates any remaining empyreumatic smell. Mirbane oil may mask the 
smell of rosin oil, which is then replaced by that of bitter almonds. 
Amylio alcohol added by small portions, from 0*2 to 1 per cent, 
completely neutralizes the smell of rosin oil. With a slight excess of 
alcohol the smeU of the English bon-bon is got. Blonde amylio 
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alcohol does well enough for the purpose. It acidifies slightly in the 
air, but it may be preserved over soda, and there is thus simultane- 
ously-obtained an alcoholic soda, by which both the smell and the 
last trace of acidity are removed from the oil. The deodorization of 
rosin oil may also be attempted by combining the valeric and butyric 
acids contained in the oil with ethyl alcohol, but the acid darkens the 
oil, and the small quantity which combines only yields a faint odour- 
of fruit, but possibly the darkening of the oil is more due to the 
alcohol removing the emulsion by absorbing the water. 

Eosin oil contains acids, which may be subdivided into two 
groups : (1) In the first group are the volatile acids, acetic, valeric, 
butyric, which may be eliminated by heating in the open air or by 
simple rectification. (2) In the second group comes rosin mechani- 
cally entrained, bringing resinic acids of which pimaric acid C 2 (,H 3(,02 
is typical. To combine these organic acids it is necessary to saponify 
them, in a rectification still, by washing soda. Until lately caustic 
soda w^as used. Carbonated alkali (dry soda ash) may be substituted 
for caustic soda. Caustic soda is more costly, involves expensive 
packages, wrought-iron drums instead of bags, is more difficult to 
handle, and finally, owing to the water which it contains, its neutral- 
izing power is not so far superior to that of soda ash. Theoretically, 
53 of dry carbonate, or 40 of caustic soda, suffice to form a neutral 
rosin soap with 302 parts of pimaric acid. Practically 60 lb. of 
alkali for 300 lb. of acidity may be taken as the amount required. 
If the acidity of the oil to be treated be known, the amount of soda 
to use can easily be determined. The acidity of rosin oil may be 
determined by alcoholic (amylic) soda. Amylic alcohol is an excellent 
solvent for the different products present during the test : phenol- 
phthalein, soda, rosin oil, rosin soap. 

7. Preparation of Hi(fh (hade Bonin Oils . — To produce high grade 
oils, it is necessary to select the finest products from the begin- 
ning to the end of the operation. First of all, semi- pale rosins are 
preferred to black rosins. The slight difference in price is easily 
regained in the resultant oils. Little lime and slow distillation are 
essential points, and the middle runnings are freed from the last 
traces of smell, either in a tank or cylinder or in a deodorizing 
vessel. The bloom is removed by nitro-naphthaline, and the last 
traces of smell and acidity with alcoholic (amylic) soda. These 
high grade oils speedily darken slightly, and perceptibly recover 
their bloom. Manufacturers accordingly stipulate for a fortnight in 
which to execute orders, which enables them to dispatch oil re- 
cently refined. 

8. Beactkms. — (a) Perchloride of tin produces a blood-red colora- 
tion, quickly passing to purple. (5) Nitric acid attacks warm rosin oil 
with production of nitrous vapours. The product when thrown into 
water changes to a yellow waxy mass, is dextro-rotatory ( + 30*^) 
and rarely levo-rotatory ( - 8*24''). Mineral oil is without action on 
polarized light. Although the density always affords sufficient data to 
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differentiate between mineral oil and rosin oil, we can confirm our 
inference by (o) the elaidin test (Vol. . I, pp. 132-3). In the presence of 
rosin oil a deep red coloration is produced, whilst mineral oils remain 
unchanged, (d) Glacial acetic acid dissolves rosin oil, but mineral oil 
is insoluble in that reagent. (<?) The iodine number rarely goes above 
14 in mineral oils, whilst it may go as high as 43 to 48 in rosin oils. 
With shale oil, however, the iodine number may rise to 21. (f) 

Storch-Liebermann Test . — In his work on quinovic acid, Liebermann 
has shown that a solution of that acid in glacial acetic acid, when 
treated with a little concentrated sulphuric acid, gives a beautiful red 
coloration, which is likewise obtained with pimaric and sylvic acids, 
these acids being present in rosin oil. Storch, “ Dingl. Poly. In.,” t. 
267, p. 28, proposes the Liebermann reaction as a test for rosin oil in 
oils and fats. If we add a few drops of rosin oil to glacial acetic 
acid and then one drop of concentrated sulphuric acid we obtain a 
red- violet coloration, which passes rapidly to brown (see Vol. I, p. 
103). 



CHAPTEK XII. 

CHEMISTRY OF THE TERPENES AND CAMPHORS.' 

Terpems and Terpene Derivatives and their Use in Varnish-niahhuj, 
— The chief terpene, or rather mixture of isomeric terpenes, used in 
varnish-making forms what is known as spirits of turpentine. The 
mixture of isomeric terpenes, constituting spirits of turpentine, are 
natural products agreeing with each other in having the same 
centesimal composition, C =» 88*2, H 11*8 per cent, and empirical 
formula Many terpenes, however, are synthetic products 

which may or may not exist in nature. Besides forming spirits of 
turpentine, the natural terpenes enter into the composition, wholly 
or partially, of numerous essential oils. Camphene, a solid, is 
amongst the natural terpenes which can be prepared synthetically. 
But more often the terpenes are liquids, lighter than water, which 
rotate the plane of polarization, and most of which exist in both 
dextro-rotatory and levo-rotatory forms, boil between 150*^ C. and 
200° C., and under the action of heat and reagents become altered in 
density, boiling-point, rotatory power, and even in chemical com- 
position. The great affinity of terpenes for halogen hydride (HCl, 
HBr, HI), especially for hydrochloric acid (HCl), results in the 
formation of a well-defined class of compounds, known, but errone- 
ously so, as artificial camphors. Wallach was the first to examine 
the terpenes in a systematic manner. He showed that a very 
large number of the terpenes, known at the date of his researches 
under different names, and considered as distinct, were identical, e,g. 
the portions of hesperidene, citrene, oil of bergamotte, carvene, oils 
of dill, of erigerone, and of pine leaves, boiling between 175° and 
176° C. ; secondly, the terpenes boiling between 180° and 182'’ C., 
cinene, cajeputene, caoutchine(di-i8oprene), with the parts of camphor 
oil boiling at corresponding temperatures, and of that product which 
is formed by heating all the terpenes hitherto examined to 250° to 
270° C. Lastly, he showed that all the hydrocarbides obtained 
by decomposing terpene di-hydrochloride, by melting at 4^° C. to 
60° C. with aniline, are identical with these bodies. He left over, 
for future investigation, in how far the mutually very similar 
terpenes boiling at 160° C. and occurring in oil of turpentine, oil of 
pine leaves, of juniper berries, lemons, eucalyptus, mace, dill, sage, 
were identical, noting, however, that at elevated temperatures they all 
pass into the same terpene. From these investigations Wallaoh 

(161) 
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CHEMISTBY OF THE TERPENES AND CAMPHORS. 


153 


formulated a new classification of the terpenes, distinguishing (1) 
hemitei'penes or pentenes (CjjHg), including isoprene and valerylene, 
and (2) true terpenes (CiyH|g). The latter are resolved into several 
groups, each chemically distinct, and including various members 
differing, essentially, by their optical behaviour. The general 
formula of the terpenes corresponds to When = 1 we 

get the hemiterpenes, e.g. isoprene, a substance produced in the 
destructive distillation of spirits of turpentine, and also of both india- 
rubber and gutta-percha. Isoprene is supposed to change spontane- 
ously into india-rubber. When n = 2 we get the terpenes properly 
so called, Pure rectified spirits of turpentine consists, wholly 

and solely, of terpenes properly so called. Its general formula 
therefore is Spirits of turpentine being far more widely and 

abundantly distributed in nature than any other essential oil, it is not 
surprising that the terpenes properly so called have been longer 
known and more carefully examined than either the sesqui-terpenes 
or poly-terpenes. When n =■- 3 we get the sesqui-terpenes 
e.g. cadinene (oil of cade), humulene (oil of hops), cubebene (oil of 
cubebs). When « = 4 or o (Cr,Hv,) we get the poly-terpenes, a class 
of bodies of which little is known. In varnish-making the terpenes 
proper and their derivatives need alone engage a close examination. 
The terpenes proper are subdivided, into different groups, according 
to the number of atoms of halogen or molecules of halogen acid 
they are capable of absorbing. 

1. Divalent Terpenes absorb one molecule of halogen hydride 
(HCl, HBr, HI) or two atoms of halogen (CL, Br.j, I._.), e.g. pinene, 
p. camphene, p. fenene (anise, fennel). 

2. Quadrivalent Terpenes absorb two molecules of halogen hydride 
or four atoms of halogen, e.g. sylvestrene (Russian turpentine), with 
an odour of both bergamotte and lemon oil ; limonene, in three 
different modifications, levo-rotatory,w'ith the odour of lemons, dextro- 
rotatory, \vith the smell of essence of caraway, and in the racemic 
condition as dipentene. Attempts at the synthesis of quadrivalent 
terpenes have led to the belief that the terpenes of essential oils are 
derived from alcohols of the fatty series. Other quadrivalent 
terpenes are terpinolene, terpinene, fenelene, thuyene, and phel- 
landrene. 

Hexavalent Terpenes. — These fix three molecules of halogen 
hydride or six atoms of halogen. One only is know n to exist natur- 
ally wdth certainty, viz. myrecene, extracted from essence of myrtle 
(Myrica acres). 

Pinene : Physical Constants. — Lrevo-pinenc : boiling-point 155° to 
156° ; [a„] - 40-32° Riban ; - 43-4° Flawitsky ; D = 0‘8767 at 0^ 
C. ; 0-8749 at 0° C. Riban ; 0*8587 at 20° C. Flawitsky ; [ih] 1*4648 
Riban, Gladstone and Dale. Dextro-pinenc : from Russian turpen- 
tine ; boiling-point 153° to 156° ; D - 0-8764 at 0° C. ; 0-860 at 20° C. ; 
[ud] 32. Heat diminishes the rotatory power of pinene ; that of 
French spirits of turpentine after being heated for eight hours at 260° 
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C. is lowered from - 35*4 to - 32*45, and on heating at 360“ C. for 
one and a half hours it is lowered to - 12“ C. A similar diminution 
occurs with American spirits of turpentine, the alteration in both in- 
stances being due to the conversion of the pinene into isomeric 
quadrivalent terpenes. A red heat acts more violently. If pinene 
be passed through a red-hot tube it is resolved into hydrogen, iso- 
prene, quadrivalent terpenes, benzene, toluene, metaxylene, cymene, 
naphthalene, phenanthrene. The same result is got at a lower 
temperature by distilling in tbe presence of anhydrous zinc, 
aluminium, or copper chlorides. The structural formula of pinene 
is given later in this chapter. 

Lhnonem. — Saussure, Dumas, Laurent, and Gerhardt pointed 
out that essence of lemon consisted principally of a hydrocarbide, 
the so-called citrme, an isomer of spirits of turpentine (boiling- 
point 173° C.). Wright and Tilden found in essence of orange 
a terpene (hesperidene). Long previously Warrentrap and Voelckel 
discovered carvene in essence of caraway (boiling-point 173° C.), 
also an isomer of spirits of turpentine. These three bodies were 
only isomers of one and the same chemical compound, Ihmnene^ 
which exists in three forms, laevo, dextro, and inactive. (1) Dextro- 
limonene occurs in essence of lemons, orange, caraway, bergamotte, 
and several others. (2) Lievo-limonene occurs in spirits of turpentine 
from pine needles and in Russian peppermint. (3) Inactive limo- 
nene (dipentene) occurs in camphor oil, Russian or Swedish spirits 
of turpentine, in pine needles spirits of turpentine, bergamotte, oil of 
cubebs, olibanum, mace, fennel, etc. Laevo-limonene is prepared by 
fractionation of the essential oils of which it is a constituent, more 
especially Russian spirits of turpentine (from Finns sylvesiris), in 
which it occurs with laevo-pinene and sylvestrene. It agrees in pro- 
perties with the dextro variety almost to the degree of optical activity, 
boiling-point 175° to 176°, D = 0*846 at 20“ C., and a rotatory power 
in alcoholic solution of 6*126 per cent of [a^] - 105°, and a molecular 
refraction of 45*23. Limonene monohydrochloride. — If well-dried 
HCl gas be passed through limonene in CS.^ a monohydrochloride 
is obtained, boiling-point 97° to 98° C. under 11-12 millimetres. The 
specific gravity of the lievo-limonene variety is 0*983 at 16° C. 
(Wallach), w'hilst that from dextro-limonene was 0*973 at 17*8° C. 
Both are active and of the same sign as the terpene and equal to 
- 39*5° and -f- 40°. 

Dipentene. — Dipentene, cinene, inactive limonene, is racemic 
limonene. It occurs in oil of camphor, Russian and Swedish spirits 
of turpentine, pine needle oil, bergamotte oil, fennel oil, etc. ; it readily 
forms a di-hydrochloride with HCl and a crystalline compound 
with bromine. It is a product of several reactions. Dipentene 
is prepared by heating limonene, and synthetically (Bouchardat) 
from isoprene. Dipentene may be prepared by the abstraction 
of 2HC1 from its di-hydrochloride, but the product is mixed with 
cymene, terpinolene, etc. It is better to start from crystallized 
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iierpineol. This alcohol, corresponding to dipentene, yields it on 
dehydration. Two parts of terpineol are heated with 2 parts of 
KHSO4 to 180° to 190° C. when - HoO ^ Dipentene 

is inactive. Its boiling-point varies with its purity from 174’5° C. 
under 731 millimetres to 181-12° C. [? at 760 millimetresj ; also its 
density from 0 850 at 15° C. to 0*8238 at 50° C. Its index of refraction 
is =* 1 47308. Heat polymerizes it. Heated in alcoholic solution 
with sulphuric acid it is resinified and converted into terpinene. 
Alcoholic HCl acts similarly, which explains how mineral acids 
act on terpene to yield terpinene. Dipentene is first produced 
and then isomerized into terpinene. Dehydrated by phosphoric 
acid, dipentene yields cymene C]„H.>4. By an analogous reaction 
fuming sulphuric acid converts it by dehydration and subsequent 
sulphonation into cymene sulphonate. It absorbs oxj^gen in the light. 
Alcohol and nitric acid convert it into terpene hydrate CioH^^O. 

Dipentene. Hydrochloridea . — The monohydrochloride Cj^jH^^HCl 
is formed when cold dry HCl gas acts on dipentene. Bouchardat 
prepared the impure compound from isoprene, and Riban from his 
isoterebenthene. Dipentene di-hydrochloride is formed when mpist 
HCl acts on limonenes or dipentenes. It was obtained long ago by 
St. Clair Deville by acting with HCl gas or its solution on terpene 
hydrate ; by Oppenheim by aid of PCI3 or PClr, ; by St. Clair 
Deville and Tilden from terpineol and HCl ; and by Berthelot by 
acting on a mixture of spirits of turpentine and alcohol, ether or 
acetic acid by HCl. It is also formed by action of HCl gas on 
cineol. Dipentene di-hydrochloride is prepared by the action of 
HCl gas on an ethereal solution of pinene, or better, of limonene 
(Wallach), dissolving the latter in half its volume of glacial acetic 
acid and passing a rapid current of HCl gas whilst the liquid is 
kept agitated. After some time the mass is run into water, tjie 
precipitate is dissolved in a gentle heat in alcohol and precipitated by 
water. By repealing this operation several times the pure di-hydro- 
chloride is obtained. It melts at 50° C. and boils at 118° to 120° C. 
It crystallizes in rhombic tables. It is very soluble in warm alcohol, 
ether, chloroform, benzene, and acetic acid. It has a peculiar 
reaction. Heated with a concentrated solution of Fe.2Cl,^ it develops 
a rose coloration turning first violet and then blue. Treated with 
aniline, dipentene is reproduced. 

Sylvestrene. — Discovered (a) by Attberg in Swedish spirits of 
turpentine (Finns .sylve.strLs)f in which it is associated with limonene ; 
(b) by Wallach and Tilden in Russian spirits of turpentiuie, of which 
it is the principal constituent; (c)by Aschan, Hjelt, Bertram and 
Walbaum in the essential oils distilled from coniferous wood or 
from cones. Such oils also contain borneol esters, their chief 
constituents. To extract sylvestrene from Swedish spirits of 
turpentine the latter is treated with potash to free it from phenols 
and rosin acids, after which it is recti6ed and the 174° to 178° C. 
fraction converted into di-hydrochloride by the method given below. 
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Aniline may be used to regenerate the terpene from the di-hydro- 
chloride, or 1 part of fused sodium acetate and 2 parts of glacial 
acetic acid, heating for half an hour with a reflux condenser. When 
the terpene is precipitated by an excess of water, the oil is decanted 
and distilled by entrainment in an atmosphere of steam. The 
essential oil distillate is then heated for some time with potash lye 
and again distilled in an atmosphere of steam. Sylvestrene is com- 
paratively stable under the action of heat. Prolonged heating 
induces polymerization, but not isomerization. An alcoholic solution 
of sulphuric acid rapidly resinifies it. Both sylvestrene and 
carvestrene yield the following colour reaction : When a drop 
of sulphuric or nitric acid is added to their acetic acid solution an 
intense blue colour is produced. Other terpenes similarly treated 
yield red colorations, except pinene and camphene, which give a 
yellow tint. To obtain this coloration the sylvestrene must be 
pure or contain but a slight admixture with other terpenes. 

Chemical and Physical Constants . — Specific gravity, 0*846 at 20^ 
C., 0*851 at 15° C.; boiling-point, 176° to 177° C. It is dextro-rotatory. 
Its rotatory power in chloroformic solution 14‘316 per cent is [aj 
66*32, its index of refraction is 1*47468 (Wallach). Attberg found 
the product extracted by simple fractionation to have a density of 
0*861-2 at 16° [a,J = + 19*5°. Unlike pinene its monohydro- 
chloride is liquid. Its di-hydrochloride Cj„Hj,.2HCl is isomeric 
with dipentene di-hydrochloride. Exposed to air and sunlight it 
oxidizes more rapidly than pinene. Neither its levo-rotatory isomer 
nor any inactive varieties have been discovered. 

Sylvestrene Di-hydrochloride (2C,„H,,.HC1). — Sylvestrene di- 
hydrochloride is the compound from which sylvestrene is prepared. 
Attberg obtained it by passing HCl gas into an ethereal solution 
of the terpene. Wallach prepared it in considerable quantity. 
The Kussian spirit after treatment by potash is fractionated. The 
174° to 178° C. fraction, a mixture of sylvestrene and limonene, is 
dissolved in its volume of ether and saturated with dry HCl gas. 
After two days’ contact the ether is evaporated and the residue well 
cooled, which cannot very well be done except in winter. Crystals of 
dipentene di-hydrochloride are deposited very soluble in the mother- 
liquor. They are extracted and dried on a porous plate. The two 
compounds are partially separated by crystallization in alcohol 
which yields a mixture rich in sylvestrene di-hydrochloride. Purifica- 
tion is completed by fractional distillation from ether until a melting- 
point of 72° C. is attained. Sylvestrene di- hydrochloride is easily 
prepared by saturating the pure terpene with well-dried HCl or 
a mixture of an acetic acid solution of the terpene and HCl gas, 
afterwards precipitating with water. Sylvestrene di-hydrochloride 
forms clino-rhombic crystals, melting-point 72° to 73° C. It is 
much less soluble in alcohol, ether, and petroleum spirit than 
dipentene di-hydrochloride. It is dexto-rotatory in chloroformic 
solution [aj H- 18*9°. 
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Beaction . — Heated with glacial acetic acid and fused sodium 
acetate or with aniline it yields sylvestrene. 

Artificial Camphor . — The product erroneously known under 
this name since first discovered by Kindt in 1803 is in reality a 
solid hydrochloride of pinene, viz. formed by slowly 

passing dry HCl gas through spirits of turpentine. Different 
authorities prescribe different temperatures, but owing to the heat 
developed by the reaction it is difficult to work at a constant 
temperature, as the too energetic passing of the gas from the 
generating vessel may suddenly produce so much heat in the 
absorption vessel that the right temperature is exceeded before it 
can possibly be cooled down ; and if the operations be conducted in 
glass vessels if cooled too rapidly there is risk of breaking them. 
Borne suggest that the turpentine should be kept cooled by ice 
during the whole passage of the gas to keep down the temperature 
which would otherwise increase so as to prevent the absorption of 
the gas. When the spirits of turpentine is saturated and absorption 
no longer occurs, and when samples taken from the absorption 
vessel solidify en bloc on being cooled in cold water, the now semi- 
solid mass in the absorption vessel is set aside in a cool place, when 
as it cools it becomes a mass of solid crystals embedded in a dark 
brown fuming liquid. The ratio of the crystals to liquor varies much 
according to the care taken, the time occupied in absorption, the 
amount of acid gas passed through, and the regularity and continu- 
ance of the same. It will take at least seventy-two hours to satu- 
rate 10 gallons, and the expenditure in sulphuric acid and salt is 
heavy. Instead of first separating the liquid from the solid portion 
the writer (J. G. McIntosh) distils the two together over soda lye 
and separates the liquid from the solid distillate by filtration pressure 
or centrifugal action. The bulk of the chlorine is thus separated, 
and the snow-white crystalline product can then he used as it is 
or converted into perfectly pure camphene, and from that into 
isoborneol, and that again into camphor. The liquid is a valuable 
perfume and solvent. 

Dumas, Berthelot, Biban, and others investigated the process of 
making “ artificial ” camphor. But “ artificial " camphor is not the 
sole product of the reaction. The acid as it is fixed by the double 
pinene bond or link isomerizes the pinene into a quadrivalent 
terpene ; a certain amount of dipentene di-hydrochloride is thus 
formed along with the solid pinene hydrochloride, and to a greater 
extent the higher the temperature has been allowed to rise during 
the reaction. This explains the existence of Deville’s terebenthene 
monohydrochloride. It is also dipentene di-hydrochloride which 
has been described as terebenthene di-hydrochloride. The amount 
of dipentene di -hydrochloride increases if the HCl be not quite dry 
or if an open vessel be used. Closed vessels and very dry HCl give 
the best results, and the reaction then succeeds even near 100° C., 
above which no solid product is produced. Pinene monohydro-. 
chloride compressed between folds of filter paper has a camphor- 
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like smell, but crystallized from alcohol or ether it has the form of 
beautiful white pinnate crystals, biit the camphor-like smell is re- 
tained by the alcohol^ etc , and the purified crystals arc incdorom. 
It melts at about 125° C., and in so doing sublimes. According to 
Biban its melting-point in an atmosphere of HCl where it cannot 
dissociate is 131° C. It boils at about 207° to 208° C., undergoing 
partial decomposition. Its rotatory power is in the same direction as 
that of the pinene from which it is derived, - 30*6° (Wallach). In 
a closed vessel at 200° C., the acid is totally eliminated, Riban’s 
terebene being formed. It is claimed that diHerent reagents facilitate 
the separation of the HCl, viz. alcoholic potash, potassium acetate, 
sodium phenate, or stearate. This decomposition does not regenerate 
pinene, but one of its isomers, camphene. The conversion of pinene 
into camphene observed by Oppenheim was investigated by Berthelot. 
It also occurs when the hydrochloride is heated to 150° C. with 
aniline. Distilled over aqueous alkali and zinc dust solid pinene 
monohydrochloride is resolved into a highly volatile mobile liquid 
hydrocarbide. — [J. G. McIntosh.] 

Preparation of Camphene from Pinene Hydrochloride^ Hydration 
of the Product to Isobomeol, and Oxidation of the latter into Camphor. 
— Bertram employs camphene, prepared by freeing pinene hydro- 
chloride from its acid constituent, and transforms it into isobomeol 
acetate by treating it with glacial acetic acid and sulphuric acid, 
isobomeol being obtained by saponification, and oxidized to camphor. 
The HCl in the pinene compound can be expelled by various means, 
such as heating with secondary bases, ammonia, alkali phenolates, 
alkaline solutions of higher fatty acids, or lead acetate dissolved 
in acetate acid. The camphene treated with aceto-sulphuric acid 
furnishes isobomeol, an oil boiling at 225° C. This, on saponifica- 
tion, deposits solid isobomeol, which is collected and purified by 
recrystallization from benzol or petroleum ether. The refined pro- 
duct is oxidized to camphor by means of potassium permanganate 
dissolved in water or acetone, by gaseous chlorine, ozone, nitrous 
acid, air, and oxygen, nitric acid containing nitrous acid, or by 
hypochlorites. 

Action of Acids other than HCl on Oil of Turpentine. — According 
to the patent specification of the Ampere Electrochemical Co., 
camphor is obtained direct with borneol and isobomeol esters by 
the action of anhydrous oxalic acid on oil of turpentine. This is, 
however, inaccurate, but the borneols obtained by saponifying the 
esters can be converted into camphor by oxidation. The yield is 
too small to be profitable. The works like many others had to be 
closed down after a large sum of money had been sunk in the 
venture, and the patent was allowed to lapse. Similar processes 
were introduced by Von Heyden and 0. Schmidt, the former using 
salicylic and analogous acids, the latter chlorobenzoic acid ; but the 
yield in both cases was too small to be profitable. 

Action of Acetates on Pimtie Hydroohloride . — ^This reaction 
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furnishes isoborneol aoetate, which is then saponified by alkali and 
o:^dized into camphor. Lead acetate, or preferably zinc acetate, 
dissolved in glacial acetic acid is used, but no definite information 
is available as to the practicability of the method.. 

Aotion of Magnesium on Pinene Hydrochloride. — In the Hesse pro- 
cess the Grignard reaction is used, the resulting complex compound 
of pinene hydrochloride, magnesium, and ether being oxidized with 
air and converted into magnesium chloride and borneol by treatment 
with dilute acids. The borneol is oxidized into camphor in the usual 
manner. The unreliability of this complex reaction and the high 
price of magnesium militate against the success of the method. 

Camphene, a solid terpene, occurs in three isomeric forms. 
First observed by Opperman, it was isolated • and defined by 
Berthelot, who prepared the la3vo, dextro, and inactive forms. If 
this terpene be widely diffused in essential oils, it has only been 
fully identified in few, as in Finns Sibirica^ whence Goluboff ex- 
tracted a solid hydrocarbide melting-point 30° C., boiling- 

point 162° C., which Bertram and Walbaum showed consisted 
essentially of camphene by converting it into isoborneol. They also 
found it in oil of citronella to the extent of 15 per cent, with 
dipentene (Cr^Hs,).^ ; in essence of ginger, with phellandrene ; in 
essence of kesso ; in Japanese valerian ; and in oil of camphor. 
By hydrating the fraction of American spirits of turpentine, boiling- 
point 160° to 161° C., they obtained some isoborneol ; hence American 
turps contains a small amount of camphene. Bouchardat isolated 
a camphene from aspic oil, which, on hydration, gave isoborneol. 
Olivero found camphene in valerian oil. Essential oils w’hich 
contain borneol generally contain camphene. Camphene may be 
prepared either from pinene or borneol. In the isomerization of 
pinene camphene occurs in the products from the action of con- 
centrated sulphuric acid on pinene. Armstrong and Tilden prepare 
it by agitating spirits of turpentine with 1 per cent by volume of 
concentrated H.,S 04 . Finene hydrochloride cedes its HCl to various 
reagents more or less readily, but pinene is not recovered ; it is isomer- 
ized to camphene. But J. G. McIntosh has shown that distillation 
over reducing agents like zinc dust yields a liquid hydrocarbide. 
Biban prepared inactive camphene by heating pinene hydrochloride 
for twenty-four hours at 180° C. (356° F.). In exactly the same 
way but using sodium stearate he obtained Issvo-camphene [auj 
- 63°. But alcoholic potash acting for seventy-two hours at 180' 
C. (366° F.) yielded a less active camphene [aj - 57°. But these 
'were only mixtures, rich in camphene or in mixtures of active 
and inactive camphene. Bouchardat and Lafont found a higher 
rotatory power than Biban, 80°. Prolonged contact with the re- 
agents modifies the rotation. Wallach uses sodium acetate in 
acetic acid and heats for three to four hours at (about) 200° C. 
(892° F.) but not beyond. The camphene is separated from the un- 
decomposed pinene hydrochloride by steam distillation (?). Beychler 
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heats in open vessels with carbolic acid. He mixes the hot carbolic 
acid with the potash, or soda, required to eliminate the chloriner 
heats for a few minutes to 170® C. to expel all water, and then adds 
the pinene hydrochloride without allowing the temperature to fall 
too low. He then heats with an ascending condenser, keeping the 
temperature at 155 to 165® C. for thirty minutes. The mixture is 
then distilled until the thermometer marks 185® to 190® C. After 
washing with potash an almost pure camphene is obtained, boiling- 
point 153 to 163 C. The yield is about 75 per cent of theory. 
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Laurel Camphor, Origin . — To the concrete volatile oil 

existing abundantly in almost all parts of plants of the laurel tribe, 
but especially in the camphor laurel, Laurun camphora, the Arabs, 
who introduced it into Europe in the fifth century, gave the name 
of kaphur, hence camphor. In India the vernacular names are 
very similar to each other. Just as we have camphor (English), 
camphre (French), camfora (Italian), the Sanskrit is karpura, 
Arabian, kaphur, and Hindustani, kaphur. These designations 
are probably derived from the Javanese kapur, which seems to 
indicate both lime and camphor. 
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The term camphor, originally a specific name, was soon cor- 
rupted in Europe to a generic one so as to be used indiscriminately 
(in the same fashion as “ resin " now is, both of which terms, 
if comprehensive, are equally vague and equally misleading) to 
designate quite a series of volatile, solid, natural, crystalline pro- 
ducts possessing a characteristic odour and special physical pro- 
perties (peppermint, anise, bergamotte, patchouli camphors). The 
term, however, is now restricted to the substance under considei*a- 
tion, viz. that existing in the wood of the camphor laurel and 
several other trees of the family of Launnacea, growing particularly 
in Japan, Sumatra, Java, and Borneo, in the essences of rosemary, 
sage, sassafras, marjolaine, and the Reunion basilic. The camphor 
laurel is a fine, evergreen tree, and, except in size, bears some 
likeness to the common laurel of our shrubberies. It reaches a 
height of 50 feet with a girth of 20 feet. The leaves are small, 
elliptical, lustrous, vivid green, and the berries are like black 
currants. The trunk usually grows to the height of 20 feet, and 
^then spreads out into branches. The trees live to a great age, 
over 100 years, trees of this age being those that are selected 
to be felled for the extraction of camphor, as at that age they are 
richest in that product. Some trees attain a diameter of 20 feet. 
There are fine trees in the Botanic Gardens of Calcutta and Sahran- 
pur ; it thrives in Dehra Dun and in the Nilghiris up to altitudes of 
7000 feet. 

Forviosan Fjctmcthn Process . — The extraction process is crude 
in the extreme, being carried out by peasants who only make a 
precarious living at the work. The trunk, branches, roots, etc., 
of the felled tree are broken into chips. The chips are run into a 
wooden tub which stands on and fits closely to the top of an iron 
pan filled with water which is kept boiling by a fire underneath. 
The bottom of the tub is perforated so that the steam may pass 
through the chi])s, A steam-tight cover is fitted to the top of the 
tub. The steam rising from the water in the pan passes through 
the tub, and in its passage extracts the camphor and the camphor 
oil from the chips and carries them in a state of vapour through a 
'bamboo pipe fixed to the tight-fitting lid of the tub. This trough is 
divided by vertical partitions into compartments, communicating 
with each other, at alternate ends, so that the vapours travel 
successively through each compartment in the trough from one end 
to the other. All the camphor and camphor oil are condensed in 
these compartments, together with a portion of the steam. The 
uncondensed steam escapes into the air through a pipe fitted to the 
condenser. A continual stream of water flows from a wooden pipe 
into a wooden trough placed over the condenser. From this upper 
trough the water flows into the third or lowest one, thus keeping 
the condenser cool during the whole course of the distillation, 
which lasts about twenty hours. 

Fresh water is then run in through the top of the tub into the 

11 
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^ pan fot the next distillation, and being thus heated in its passage 
through the hot chips, time and fuel are saved in the next heat- 
ing of the pan. The tub containing the chips is emptied and the 
latter, after drying, are used as fuel. The tub is then re-charged, 
well closed, and the distillation proceeded with as before. As the 
distillation proceeds a semi-solid distillate of camphor and camphor 
oil collects in the compartments of the trough, floating on the water 
in the condensed state. This is allowed to accumulate until several 
charges have been distilled, being usually removed at intervals of 
from five to ten days. The relative proportions of solid camphor 
to liquid camphor oil varies with the temperature of the sur- 
rounding atmosphere. In summer only 2 per cent per diem of 
solid camphor is obtained from the wood, whilst 3 per cent is 
obtained in winter. In summer 18‘04 litres of liquid oil are 
obtained from the semi-solid distillate produced during a ten days’ 
distillation, whilst only 5 to 7 litres are obtained in winter. For- 
merly the crude oil containing a large per cent of camphor was 
considered useless, but it is now re-distilled from iron stills con- 
nected with a brass wormfcondenser. 

The distillate is collected in suitable vessels, cooled and filtered 
or pressed to separate the solid camphor, and the filtrate still 
containing camphor is mixed with a fresh quantity of oil and again 
distilled and the distillate cooled and pressed as before. Working 
in this way 20 to 25 per cent of solid camphor is obtained from the 
quantity of crude oil distilled, the latter losing half of its bulk 
during the process. 

Ceylon Process of Camphor Extraction . — In a recent communica- 
tion from the Government of Madras an extract from a lecture 
delivered before the Ceylon Agricultural Society, by Mr. M. K. 
Bamber, is given in full. The extract is as follows : “ The still 
required for the purpose 'is of the simplest description and very 
similar to that used by the Japanese in Formosa, with slight 
improvements in the condensers, as perfect condensation is abso- 
lutely essential for success. The slightest smell of escaping 
camphor may mean a loss of 20 per cent or more, as has been 
proved by several experiments, and the two means of preventing 
it and obtaining the maximum proportion of camphor to oil are 
absolute condensation and slow distillation with a minimum of 
heat. The still may consist of an ordinary wooden cask, but is 
better if somewhat conical in shape, and should be about 6 feet 
high, 3 feet diameter at the bottom, and 2 feet 6 inches at the 
top, and have a close-fitting door at the lower end for the removal 
of the refuse prunings. The top, or a portion of it, must be re- 
movable but capable of being hermetically closed. From near the 
top a large diameter bamboo, 5 feet to 7 feet long, passes to the 
condensing boxes of wood placed in a suitable tank, and connected 
with short lengths of similar bamboo. The still has a perforated 
bottom and stands over an iron basin built into a small stone or 
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brick furnace. The basin, about 2 feet 6 inches to 3 feet in dia- 
meter, is fitted with a supply tube for adding water as required, 
and an overflow pipe closed with a plug during distillations. The 
condensing boxes consist of bottomless boxes of suitable size, 
having three or more partitions in each, with communications at 
opposite ends of each division to ensure thorough circulation of the 
camphor and water vapours. The tops of the boxes are hermetic- 
ally closed about 1 inch below the upper edges, and the boxes are 
stood in the tank as mentioned above, being connected by short 
bamboo lengths. Cold water from a stream flows from a pipe or 
bamboo on the top of each box and then overflows into the tank, 
which has an outlet pipe 2 inches to 3 inches from the bottom. 
By this means a water seal 3 inches deep is kept round the 
bottom of the boxes. The mixture of camphor vapour and steam 
from the still enters the first box just above the water level, circu- 
lates round the various partitions, and so passes from box to box, 
the camphor being condensed in pure white crystals on the walls 
and partitions as it cools down. The last box is fitted with an 
outlet of bamboo, which can be kept closely plugged with straw. 
This acts as a safety valve, and enables one to ascertain whether 
condensation is perfect, as there should be little or no smell of 
camphor observable. In working, the still is loosely filled’ with 
the fresh primings as brought in, the top put on and well luted 
with clay, water poured into the basin, and a fire lit to bring it 
rapidly to the boil. As soon as this occurs and a slight smell of 
camphor or eucalyptus can be smelt at the escape tube on the last 
box, the fire is reduced and the water merely kept hot for several 
hours. A good plan is to have a glass let into the cover of the first 
(or all) of the condensing boxes, and as soon as vapour begins to 
condense on it to immediately reduce the fire to a minimum, as the 
object to be gained is to drive off all the camphor with as little 
steam as possible. A small wooden spigot in the top of the still 
'makes it possible to ascertain when all smell of camphor has dis- 
appeared, but care must be taken when opening it not to become 
scalded. When completed, probably in three to four hours, the 
door at the bottom of the still is opened, the primings removed 
and the still re-charged from the top. All water in the pan, which’ 
contains much tannin, etc., in solution, is changed by opening the 
overflow plug, and pouring in a fresh quantity through the supply 
tube. During distillation it is necessary to occasionally add some 
water to the pan to maintain a constant level and prevent burning. 
To save time it would be best to have two stills connected with the 
condensers as with many citronella grass stills, since the one could 
be filled while in the other distillation was proceeding ; the latter 
could then be allowed to cool down before opening without a loss of 
time. To preserve the heat in the top of the still and ensure the 
camphor passing away readily, the still should be thickly coated 
with clay or other non-conducting material, the Japanese method 
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being to surround the still with cane-work and ram clay into the 
space between. When a condenser is seen to contain sufficient 
camphor, it should be opened and the camphor carefully scraped 
out, every precaution being taken to keep it free from dirt or frag- 
ments of any description ; otherwise re-distillation would be neces- 
sary if the best price is to be obtained. A wooden scraper should 
be used, contact with metal being avoided as far as possible while 
in the moist condition. The camphor should be placed in a well- 
made box like a tea-chest, having a perforated false bottom 4 inches 
or 5 inches from the actual bottom, and the top perfectly closed. In 
a few days most of the oil will have drained into the lower portion 
of the box, which should be zinc-lined, and the dry camphor can be 
removed and carefully packed in zinc-lined cases for dispatch. By 
reducing the camphor oil to a low temperature fully 50 to 60 per 
cent of solid camphor separates out and can be removed with a 
cloth strainer and well drained, the temperature being kept as low 
as possible while the excess of oil is draining away. Should any of 
the camphor be accidentally discoloured, it should be thrown back 
into the still, with a subsequent charge of primings for re-distilla- 
tion. The chief uses of camphor are for the manufacture of celluloid, 
smokeless explosives, fireworks, etc., and medicinally in the treat- 
ment of influenza, dysentery, and cholera. For the latter disease it 
was used most successfully in Naples in 1854, all the cases treated 
recovering, and it was employed with equal success in Liverpool in 
1866. .\ny outbreak of influenza increases consumption at once, 
but the chief demand is for the manufacture of smokeless powders 
and celluloid ; it is also said to be employed in one of the numerous 
rubber substitutes now manufactured. ” 

Extraction of Camphor from Leaves ami Youmj Branches . — 
The ever-increasing consumption of camphor induced Hooper, 
the Indian Government Quinologist, etc., at Ootamacund on the 
Nilghiri Hills, to ascertain whether the leaves and young branches, 
hitherto wasted, could not be utilized as sources of camphor.' 
Leaves from the Botanic Garden at Ootamacund yielded on this 
distillation 1 per cent of essential oil of density 0 9322 at 15° C., 
deviating + 9*4 in a 200 mm. tube and containing 10 to 15 per cent 
of camphor. Leaves from Nadavatum on the Nilghiris yielded a 
product with 75 per cent of camphor, the density of the expressed 
oil -=0*9344 at 15° C. It deviates + 54’, d = 200 mm. The differ- 
ence in the percentage was due to the different altitudes, Oota- 
macund being 7300 feet and Nadavatum only 1000 feet. 

Caviphor Cultivation in the Malay States . — Experiments have 
been made with the propagation of camphor by means of cuttings. 
The first trial of some thousands of these was not successful owing 
to lack of supervision, but more have been struck, and it is hoped 
to be able to produce a stock of young plants. While not recom- 
mending that the cultivation of camphor should be taken up over 
large areas, the report of the Director of Agriculture points out 
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that the price of camphor is exceedingly high, and the prospects of 
high profits are excellent. The growth of the trees at the experi- 
ment station is most encouraging, and compares very favourably 
with trees of the same age in Ceylon, even at higher elevations, 
which are supposed to he more suitable for camphor cultivation. 
Some 300 trees at the Experimental Plantations at Batu Tiga, 
growing only a few feet above sea-level, have in two years attained 
a height of from 12 to 14 feet. 

The camphor trees of Formosa are mostly trees which are old 
and do not produce seeds, and even when such as do produce seeds 
are found, they are so remote in the savage districts that it has 
been found impossible to make use of them. Consequently the 
seeds which have been used for plantation have mostly been 
brought from Kiushiu and Shikoku, in Japan. The time for sowing 
is in the spring and autumn. The Government has shown great 
energy in establishing plantations, the first being made in 1896. 
When the camphor monopoly was established in 1899, fresh planta- 
tions were made, and in addition to the main plantation there are 
now two plantations in Taihoku prefecture, four in Taichu, one in 
Tainan, and one in the district of Gilan. The cultivation of camphor 
trees has lately been attended wuth very successful results, the 
number of young trees suitable for transplantation reaching more 
than 1,000,000, The camphor refinery at Taihoku is capable of 
turning out 1800 lb. of refined camphor and 5800 catties of Class A 
camphor per day. There are 4 officials in charge of the refinery, 
assisted by 32 Japanese operatives, of whom 14 are male and 9 
female, and 45 Chinese operatives, of whom 36 are male and 9 
female. Most of the machinery used was made in Japan. There 
is a branch office of the camphor bureau at Kobo, to which a 
refinery is also attached. There are 3 officials in charge, with 
38 male operatives and 21 females. This factory is capable of 
turning out 1000 lb. of refined camphor and 2000 catties of Class A 
camphor per day. 

Camphor occurs in three (purely physical) isomeric forms only 
differentiated by certain optical and thermic properties. The calo- 
rific intensity of dextro- (ordinary laurel) camphor is 1402*2 
calories, of lasvo-camphor 1414 calories, and racemic camphor 
1413*4 calories. Laevo-camphor occurs in essence of matricari 
parthenium. Inactive camphor occurs naturally and may be pre- 
pared synthetically by mixing two active camphors. The molecular 
rotatory power of pure camphor is, according to Haller, 

[a]n = ± 42° and [a]i> = ± 43° 

in alcoholic solutions containing 1 molecule per litre. Camphors 
of molecular rotatory power lower than 42'’ occur in natural essen- 
tial oils. These are mixtures of lievo- and dextro- camphors. So 
also are the camphors got by oxidizing natural mixtures of Isbvo- 
and dextro-borneols. Bouchardat and Lafont in oxidizing the 
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borneols from the action of acetic acid on French spirits of turpen- 
tine got camphors of abnormal rotations, - 67*2°, - 71*4°, - 51*1®, 
and - 53’5“, evidently isomers of the natural product. Jungfleisch, 
Tilden, and Armstrong describe real inactive camphors, but their real 
inactive nature as distinguished from compensation is not satisfac- 
torily demonstrated. The rotatory power of dissolved camphor varies 
with the concentration ; it increases therewith in varying proportion 
according to the solvent. Forster gives the following formula for 
benzol solutions : — 

[n]^= 39-7 o5 + 017254 C. 

in which C * concentration (grammes of camphor) in 100 c.c. of 
liquid. With alcoholic solutions the formula is : — 

M-T?- = 41-982 + 0-11824 C. 
o 

The rotatory power of camphor dissolved in vegetable oils is, 
contrary to what occurs with benzene and alcohol, perceptibly pro- 
portional to the strength. 

Physical Constants. — Melting-point of pure camphor, 177° to 
178° C. ; boiling-point, 205*3'^ C. (Kuhara) ; 209*1 under a pressure 
of 759 mm. (Forster) ; specific gravity at 200'" C. 0*891. Its 
molecular refi’action for the ray D is 74*43 (Krannonikoff) and 74*32® 
(Gladstone). These figures correspond with a saturated compound. 
Camphor may be detected in admixture by its boiling-point (205° to 
210° C.), its smell, its crystals, and the boiling-point of its oxime. 
Borneo!, if also present, must first be extracted by the phthalic 
ether or succinic acid methods without the use of sodium, but in 
sealed tubes. To isolate camphor from pharmaceutical products 
caustic soda lye is added and the camphor distilled over in an 
atmosphere of steam. Forster estimates camphor directly by 
collecting the entrained product in benzene, examining the benzene 
solution at 20 C., and applying the formula : — 

2 ol536 - - 0-0274G ( " \ 2, 

y \yJ 

in which a is the deviation observed, y the length of the tube in 
decimetres. 


TABLE LIL— ROTATORY POWER OF LAUREL CAMPHOR. 


Solvent 


Liinitfi of 
Concentration. 

sign. 

Ltotatory Pi>\ver 

Alcohol ethylic . 

20 

q 45-90 

+ , 

54-8H-0-l(jl4 q -h 0-000869 q* 

„ methylic 

20 

q = 60-80 ; 

+ 

66-16-0'1769 q + 0-000610 q* 

Aoetic acid 

! 20 

q = 84-84 

+ 1 

65-49-0-1872 q 

Ethyl acetate . 

1 20 

q ^ 46-86 


65-16-0048833 

Benzene . 

20 

1 

q = 86-76 1 

+ 1 

j 

56-21-0-0168 q 
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Properties . — Camphor is easily distinguished from other sub- 
stances by its whiteness and ice-like semi-transparency, by its 
warm, aromatic taste, and its sharp, penetrating, rosemary-like 
odour, which persistently adheres to the hands and spreads widely 
through the surrounding atmosphere. It has the density of 1 at 
0° and ‘992 at 10° C. Its vapour tension at the ordinary tempera- 
ture is sufficient to cause it to sublime in hexagonal plates on the 
sides of the stoppered bottles in which it is kept. It melts at 175“ C. 
and boils at 204° C. without decomposition. It has, in fact, so great 
a tendency to volatilize that it gradually evaporates into the air 
when exposed and disappears altogether, leaving not a single trace 
of its existence. It is very combustible, and suddenly bursts into 
flame when brought in contact with a lighted taper, and burns with 
a white, brilliant, very smoky flame, acrid and strong smelling. 
It even burns when placed on water on which it floats. Gyratory 
Motion . — Water only dissolves ^^yVir pai'l^ of its weight, nevertheless 
it acquires its taste and smell. A fragment of camphor thrown 
upon water assumes a gyratory motion, which stops as soon as a 
drop of oil is thrown on the surface of the liquid. A cylinder 
of camphor of 4 to 5 mm. in diameter, one part of which dips 
into the water whilst the other part remains in the air, com- 
municates a to and fro movement to the water, and after the lapse 
of a few days is cut a little above the line of flotation. This re- 
markable occurrence is due to the simultaneous evaporation of the 
camphor and the water, which is most active at the surface of the 
liquid. Solvents . — Alcohol is the best solvent for camphor; 100 
parts of this vehicle dissolve 120 parts of camphor in the cold. 
It is precipitated from its alcoholic solution by water in finely 
divided flakes. This is the best method of obtaining it in a fine 
state of division, because owing to its elastic nature it is very diffi- 
cult to grind in the ordinary way with a pestle and mortar, at least 
without having been sprinkled with alcohol. Dissolved in weak 
spirits of wine it forms camphorated brandy, which is so often 
employed as an embrocation to disperse coagulated blood due to 
outs or blows. 

It dissolves freely in ether, fatty oils, acetic acid, etc. When it 
is desired to suspend it in water in a divided state, it is triturated 
with egg yoke. Its solution in nitric acid was formerly erroneously 
known as oil of camphor. 

Camphoric Acid, CioH,„ 04 . — If camphor he distilled with eight 
times its weight of nitric acid it is converted by the oxygen of the 
latter into a white, slightly bitter acid, which crystallizes in feather- 
shaped crystals, freely soluble in water. This acid, discovered in 
1785 by Rosegarten, is known as camphoric acid, melting-point 62*6'* 
C. Treated with sulphurous acid gas, camphor yields the liquid 
disinfectant known as thiocamf. During the process the camphor 
liquefies and absorbs a large quantity of sulphurous acid. By 
spontaneous evaporation this solution gives off the combined 
vapour of sulphurous acid and camphor. 
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Adulter dtions . — Pinene roonohydrochloride, detected by lower 
boiling-point and evolution of hydrochloric acid fumes on heating. 

Uses . — Camphor is used as an ingredient of fireworks, not only 
on account of its great inflammability but also because of the 
whiteness of its flame. Its smell is supposed to be fatal to small 
animals, especially insects. This explains the use of camphor in 
cases containing natural history specimens. It prevents moths and 
other insects from laying their eggs thereon. For the same reason 
small satchels containing camphor are placed in drawers in which 
hats, fur, and woollen articles of dress are stowed away. Cam- 
phor is added to varnishes to increase their lustre, elasticity, and 
to facilitate the solution of refractory resins in the manufacture of 
spirit varnishes. But the lustre induced by camphor is not very 
permanent. Terpineol is now more in vogue as an aid to solution. 

Borneo Camphor ^ Bormol, Campiwl, C^,)H^,iO, first described by 
Pelouze, is obtained from the Dryhalonops aromatica (.1. (jaertn), a 
lofty Dipterocarpus tree native in the North-west Coast of Dutch 
Sumatra, North Borneo, and Labuan. Coarse crystals of borneol 
are formed in the stem. These constitute the Barus camphor, 
called in Indian returns Chimsaini or baris. The crystals are often 
found in concrete masses in the heart of the tree, or in the knots 
and swellings where the branches issue, but camphor is also found 
beneath the bark. To obtain the product, which is valued by some 
of the Chinese at from 40 to 80 per cent, and even a hundred times 
the price of ordinary camphor, the tree is destroyed and cut up into 
small cross pieces which are then split up with axes to expose the 
ordinary camphor. An average tree is said to yield about 11 
lb., but 22 lb. are sometimes extracted from a single tree. The 
old trees are the most remunerative, and only about 10 per cent of 
those destroyed will repay the labour. This camphor is used by the 
Chinese for embalming and ritualistic purposes, and is well paid for. 
“ Probably,” says Watt, ” the camphor first known to the world was 
obtained from this tree and not from Cinnamonum" {Laurns cam- 
phora). Borneol is also met with in small quantities in essence of 
valerian, where it is formed, according to Gerhardt, by the hydra- 
tion of bornene previously present therein. Preparatioji of Borneol, 
— By heating ordinary camphor from eight to ten hours with an 
alcoholic solution of potash from 180® to 200® C., Berthelot resolved 
laurel camphor into camphate of potash and borneol. Baubigny 
used sodium thus : — 

2C,„H„0 + 2Na - CmHjrtXftO -t- C,„H,;.NaO. 

Camphor. Sodio CanipliHle. 

The borneol so obtained exhibits all the properties of natural 
borneol. Its rotatory power is, however, greater. Borneol is also 
formed in small quantity when amber is distilled with dilute caustic 
potash. It differs from natural borneol by its more feeble rotatory 
power. 
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Properties . — Borneol is found as small, colourless, transparent, 
friable crystals ; its smell recalls both ordinary camphor and pepper- 
ment its taste is ardent ; it melts at 198° and boils at 212° 0. 
(about 220° C. according to Berthelot). It deviates the plane of 
polarization to the right. It is insoluble in water, but is very 
soluble in alcohol and ether. 

Reaction . — Hot nitric acid converts it into ordinary camphor : — 

^10^18^2 4- H 2 O.J. 

When borneol is distilled with anhydrous phosphoric acid, 
a hydrocarbide passes over isomeric with ordinary pinene, viz. 
bornene When heated with concentrated hydrochloric 

acid, borneol is converted into a solid monohydrochloride isomeric 
with pinene monohydrochloride. Berthelot has described combina- 
tions of borneol with stearic and butyric acids. Borneol is an 
alcohol or pseudo-monatomic alcohol. There exists in the oil of , 
garance a residue obtained by the distillation of garance alcohol, a 
borneol identical in its chemical properties with borneo camphor, 
but which deviates the plane of polarization to the left. The 
essential oils of cajeput and coriander contain an oxidized principle 
isomeric with borneo camphor. 

CH> 

I 

c 


I 

OH 

CH» 

I 

C— OH 

CH^CH’ 

Terpineoi. — Melting-point, 35° C. ; distils at 218° C. ; exists as 
acetic ester (terpineoi acetate in essence of cajeput). It is obtained 
either by dehydrating terpin or by the dehydration of spirits of 
turpentine by sulphuric acid. Terpineoi has a pleasant odour 
of lilac. It is inactive, but an active terpineoi is known, obtained 
by aid of dextro-limonene, which boils at 216° C. ; oxyoxime melts 
at 184° C. ; yields terpenylic acid by oxidation. Becomes rather 
prominent as a solvent for copal without previous fusion, thus 
taking the place of the camphor of old, also as a solvent for rubber* 
Terpineoi (isomer). — Boiling-point, 69° to 70° C., with the same 
lilao odour. 
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* Camph&i' OiL-^The crude oil after repeated distillation yields 
refined camphor oil, a colourless liquid which like solid camphor 
burns with a bright smoky flame. It has a specific gravity of 0'95, 
that of the crude oil being 0*959. It is oxidized into Ordinary 
camphor by the action of air, oxygen, or nitric acid. It is a 
good solvent for various resins, such as mastic, elemi, gamboge, 
dragon’s blood, rosin, asphaltum, sulphur. 

Camphor Oil Varnishes . — When 8 lb. of mastic or such-like 
resin is dissolved in 10 lb. of camphor oil and the solution thinnedl 
wdth 3*3 lb. of spirits of turpentine, a transparent paper varnish is 
obtained which dries with a bright gloss. 

An elastic waterproof varnish is obtained by dissolving linoleate 
of magnesia or other insoluble linseed oil soap in camphor oil with 
the addition of a solution of a i*esin dissolved in the same solvent. 

But these varnishes soon lose their lustre, which is m large 
measure due to the camphor dissolved in the camphor oil. Conse* 
quently, however brilliant they may be at first, they become dull 
as the camphor, etc., evaporates. 

Black camphor oil is used in antifouling compositions. The 
comparative solvent action of camphor oil on varnish resins is 
shown in the following table : — 


TABLE Lin.-COMrAUATlVE T.ABLE OF THE SOLUBILITY OF RESINS 
IN LIGHT .\ND HEAVY CAMPHOR OILS AND OTHER ESSENTIAL OILS. 


— - - 

— 

- 

— 



— - — 

The following Resins in the nmienioteii proportionK ; 

_ 

100 parte by Height of the 
andernoteii Kssenlial OiL 



— 




— 

Dissolve— i , , 

Amber. 

Rosin. 

. 

(’opal. 

Dammar. 

Mastic. 

Sliellac. 

Yellow 
Wax . 

Cajeput . . . i ii oH 

43-70 

0-52 

42-49 

41-16 

0-66 



Copaiba . . . — 

2495 

0-00 

34-57 

— 

— 

4-49 

Light camphor oil . I ‘J’7.S 

46-l(; 

9-16 

34-95 

3504 

1 -33 

— 

Heavy „ „ . ■ b’.'iO 

31-35 

2-81 

50-08 

37-98 

0-83 

— 

Lavender . . . , — 

52-86 

— 

33 07 

— 

— 

9 34 

Cloves . . . i — 

79-79 ! 

! 0-00 

18-27 

— 

— 

— 

Rosemary . . |10*16 

! 48-94 ! 

1 4-81 

99-44 , 

21-39 

0-79 

— 

Alspice . . . j 8*‘J0 

1 40-98 

9-51 

41-66 

33-47 

3-67 

— 

Turpentine . . i 7*47 

; 51-84 

— 

64-28 i 

52-79 

12-94 

— 

„ rectified . 1 10’30 

— 

6-47 

— 

— 

— 

8-10 

Paraihn oil . , i — 



— 

9-27 ' 

— 

— 

4-16 

Wax oil . . . 1 ‘2*«7 

, — 

— 

67-31 , 

— : 

— 

5-64 


TABLE LIV.—FRACTlONAli DISTILLATION OF LIGHT CAMPHOR OIL. 


cC. 

Vol. 

''C. 

V<*1. 


Vol. 


Vol. 

35-150 

12 

164-166 

6-0 

174-176 

21-8 

1H4-1H6 

3-0 

150-155 

5-5 

166-168 

6-9 

176-178 

12-7 

186-188 

4-0 

, 155-160 

3-6 

168-170 i 

10-0 

178-180 

12-7 

188-190 

3-6 

160-162 

9-0 

170-172 i 

13-6 

1B0-1H2 

9-0 

190-198 

4*5 

• 162-164 

7-3 

172-174 

14'5 

182-184 

11-8 

Residue * 

25*0 


* Total difltillate and regldue up to 198'^ C. 188'5 o.o., loss 1*5 c.o. 
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TABLE LV.— FRACTIONAL DISTILLATION OF HEAVY CAMPHOR OIL. 



Boiliiig- 

poiut. 

Percent- 

aJiL*. 

1 Formula. 

i 


BoillnfE- ; 
point. 

Percent- 

age. 

Formula. 

145-1 

150 

0-4 


202-200 

204 

10 

1^ 10 

16 H-iri 

150 

12-0 

212-214 

2i:j 

:40 


167-ioi) ; 

Ifis 

ia*o 

1 ,, 

2:40-255 

2:4' 

7 


170-171 ; 

171 

5-0 

i 

245-248 

247 

2 ! 

— 

175-177 , 

170 1 

15-0 

1 C,„H„() 

250-280 

— 

I'.Mi 

— 

180-182 1 

180 

4-0 

; 

— 

— 

— 

— 



1 


_ , 
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Light CauipJior Oil serves to mask the bad smell of common soaps. 
It was used to clean lithograph blocks, but now it is too dear. It 
is used in varnish-making for the same purposes as spirits of 
turpentine. 

Heavy Camphor Oil is a greenish-brown liquid, the density of 
which has come down from 1*1 to 0*960. Its quality has degraded 
in the same ratio. It now only contains traces of safrol. It is 
soluble in all proportions in alcohol. Camphor oil was examined 
by H. Yoshida, who found pinene (7 per cent), a hydrocarbide dis- 
tilling at 172' to 173'' C., somewhat analogous to limonene (20 per 
cent), camphor (22*8 per cent), and camphor-eugenol, distilling at 
212° to 213° C. (50 per cent), which, when kept boiling for some time, 
partly polymerizes wdth })roduction of camphor. Acetic and ben- 
zoic anhydride convert camphor-eugenol into ethei*eal derivatives 
with formation of a small quantity of cam])hor. Sodium and 
alcohol change it into borneol, zinc chloride into cymene. In this 
reaction it is probable that camphor is formed as an intermedi- 
ate product. But Schimmel’s chemist could not hnd camphor- 
eugenol, and states that the product boiling above 212° contains 
ordinary camphor, safrol, and an unknown body boiling at 230° C., 
as well as small quantities of eugenol. The same authorities got 
on distilling different organs of the Yokohama Launin campho}a 1*8 
per cent of an essential oil from the leaves which solidified at the 
ordinary temperature ; from the roots 4 percent of an essential oil, 
of density 0*957 at 15° C., containing much camphor, of melting- 
point 175° C. The liquid portion boils betw^een 165" C. and 270° C. 
and has all the properties of commercial camphor oil. 

N.B . — Since the above chapter has been in print, a U.S.A. 
Consul reports that the Blumea halsaviifeniy which yields a camphor' 
identical with Borneo camphor, is being successfully exploited in 
Burmah. 



CHAPTEB XIII. 


WOOD TURPENTINE— WOOD TAR— WOOD CREOSOTE. 

The Preparation of Tar and Turpentine in Russia . — The material 
used for the production of tar and turpentine in Eussia is tree stumps 
and waste timber, charcoal being also obtained as a by-product. 
Great aidvances have been made in the manufacturing process since 
the introduction of tar ovens made of steel plate, as these enable the 
tar oils and pyroligneous acid to be recovered, instead of being wasted 
as they were under the old system of charring the wood in heaps. 
At the same time the operation can now be carried on all the year 
round, and is not restricted to the summer, as was formerly the case. 
A usual way of working these ovens is in pairs, with a single still 
common to both, this method giving the best results with the smallest 
expenditure of labour. Since the success of the operation greatly 
depends on the uniformity with which the oven is heated, this has to 
be constantly controlled by means of a thermometer, mounted on the 
oven in such a manner as to record the expansion or contraction of 
the metal plates by a pointer moving over the surface of a number 
dial. In this way all fluctuations of temperature are rendered visible 
to the man in charge of the oven. Each oven is charged with about 
8400 cubic feet of tree stumps, weighing 12,000 lb., the oven door 
being bticked up, the lid put on, luted with clay, and covered with a 
layer of about 6 in. of sand. The fire is then started, and at the end 
of about seventeen and a half hours the first runnings of spirit 
begin to come over. The operation is complete in 105 hours, and 
the maximum temperature does not exceed 26® C, The several 
distillation products, turpentine, tar, and wood vinegar, escape con- 
tinuously from the various spouts of the distilling apparatus into 
the receptacles placed to catch them. When ten hours have elapsed 
after the heating has terminated, the oven is opened and the pro- 
ducts weighed. The yield is approximately as follows : Turpen- 
tine spirit, 450 lb. ; tar, 1300 lb. ; charcoal, 2560 lb. ; pyroligne- 
ous acid, 3700 lb. ; tar oil, 28 lb. 

Russian White Pine Oil . — In about a year, says a correspondent, 
a new rural industry has developed in the Vyatsk department, 
namely, the production of so-called white-pine oil. Within the 
limits ^ the Yakschinsk, Vozhgalsk, Phillipovsk, Sulaievsk, and 
Selesnevsk districts a hundred peasants’ factories have already been 
erected for the distillation of this product. The foundation of the 
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industry was laid by a peasant of the Yakschinsk district. The 
simplicity of the plant and the cheapness of it, and the good profit in 
the business resulting from the cheapness of the raw material and 
the good prices obtained for the finished product, induced many to 
follow his example. The cost of a plant is about £10 ; but the 
carrying out of the process calls for some skill. The profit is three 
roubles (63.) in twenty-four hours. From a pood of young pine 
wood about ^ lb. of oil is usually obtained in one of these plants, 
that is to say, 80 poods of wood are required for about one pood (36 
lb.) of oil. A load of 20 poods costs 40 to 60 copecks (lOd. to 
Is. 3d.), so that on the average the cost of the raw material is about 
2 roubles (4s.), and the price got for the oil is roubles (Us.) to 
6 roubles (12s.) per pood (36 lb.). The sale of the product is com- 
pletely assured in the town of Vyatka, which is visited by many 
buyers. Everything points to a further successful development of 
the business. [The reports as to the Kussian turpentine industry 
are very conflicting. Others are as pessimistic as this is hopeful.] 

American Retort Tar versus Kiln Tar. — Eetort tar from pine knots 
and stumps is marketed about one dollar and a half under the price 
of kiln-burnt tar. To give this new product a fair test, several large 
rope manufacturers made purchases of sizable lots, but lound that it 
was not suitable for their purposes. It is claimed that the new product 
lacks several important properties, which are lost through the new 
process of distillation. One important ingredient which is eliminated 
is the oil in the tai\ which goes over in the course of distillation. 
Cordage men claim that when the retort tar is applied the rope, 
instead of showing a straw colour, shows a dirty chocolate colour^ 
which has met with decided disfavour in the trade, and difficulty has 
been experienced by rope manufacturers to market their product, 
and in many instances losses have been incurred on goods turned out 
with the retort tar. Oakum and dry-dock firms do not favour the 
tar, because of the lack of oil. It remains to be seen whether these 
objectionable points can be remedied in order to make it satisfactory 
to the rope manufacturers, who are the heavier consumers of wood 
tar. The retort tar, however, is being used for various other pur- 
poses, but up to now has not filled the expectations of the consumer. 
There will, doubtless, be found use for all the retort tar produced, as 
it is sold at a lower price, and therefore available where the high 
cost of kiln tar makes its use impracticable. It may bo that the 
objectionable features can be overcome by change in method of pro- 
duction, and the product be made in every respect equal to the 
other. 

Retort Tar Oils, Retort Wood Tar. — The crude tar produced 
when w'ood is distilled in retorts varies from 3 to 10 per cent of the 
wood. The portion separated from the crude pyroligneous acid by 
settling and that skimmed from the top of the neutralized acid are 
mixed, and, after washing with water, are sold in the crude state as 
“raw tar ” or as “ retort tar It is used for preserving wood, 'for 
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FOofidg-feltS) as an antiseptic, for making wagon grease ann otner 
[ow*gr^e lubricants. It is also a suitable raw material for the 
preparation of aniline colours, but hnds no application as such, 
because of the low price of coal-tar, and because the composition of 
the latter is better understood. Besides the tar separated by settling, 
the crude pyroligneous acid contains considerable tar held in solution 
by the acids and alcohol present, which is recovered when the crude 
Acid is distilled, and constitutes vrhat is known as boiled tar It 
may be sold as such or burned under the retort, or it may be mixed 
with the raw tar and subjected to any desired treatment. Wood tar, 
which varies in character with the kind of wood from which it is 
•obtained, is a thick, dark-coloured, viscous material still containing 
-some acetic and other acids, and has a specific gravity of about 1 *05 
to 1 *15. It consists when derived from hardwood chiefly of paraffins, 
toluene, xylene, cresol, guaiacol, phenol, and methyl derivatives of 
pyrogallol. The tars derived from coniferous woods constitute the 
•chief tars of commerce, and are particularly rich in terpenes, contain 
•considerable quantities of rosin, and have a much greater commercial 
value than those derived from hardwoods. By i far the greater part 
•of the tar derived from hardwood distillation is burned under the 
retorts. 

Wood Turpentine . — This product, when properly made and 
refined, has a specific gravity of from 0*860 to 0‘880 at 20° 0., 
•though the first runnings from the still may have a lower and the 
last runnings a higher specific gravity; 95 per cent should distil 
between 150° and 185° C. This turpentine closely resembles spirits 
•of turpentine from the oleo-resin of tapped pines, and sells for fron\ 
two to ten cents less per gallon (depending on the care with which 
it has been refined) than the latter, for which it has been used 
AB a substitute and adulterant. The processes of production and 
the technical value of this material are now being studied by the 
technical experts of the U.S.A. Forestry Department, but as the 
work is not completed, no conclusion as to the relative value of 
wood turpentine as compared with ordinary spirits can be given. A 
few words may be of interest, however, as to the best methods of 
producing, refining, and marketing this article. When wood tur- 
pentine was first placed upon the market it was very irregular in com- 
position, owing to the fact that but little was known of its nature, 
and producers were unacquainted with the proper methods of refin- 
ing. As has been stated, turpentine as commercially produced is 
not a definite compound, but a mixture of closely related terpenes, 
and consequently it differs from moment to moment while distillation 
is taking place, and its distilling temperature rises, so thaf the 
turpentine obtained at the close of a dry distillation is much heavier 
and differs in many ways, particularly in odour and colour, from the 
first runnings from the still. This statement applies as well to or- 
dinary turps. The distiller seldom realizes the importance of this 
fact as affecting the uniformity of this product. In a few instances 
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the gravity of the distillate is taken as the turpentine passes from the 
condensers, . and if the hydrometer is carefully watched and the 
specific gravity is not allowed to rise above 0*875, the resulting 
turpentine is fairly uniform and satisfactory. As a rule, however, 
the close of the turpentine distillation is determined by the appear- 
ance of the oil, the formation of beads or foam on the surface in- 
dicating that heavier oils are beginning to distil. As this point is 
usually not carefully watched, the result is that the product of a 
plant differs from day to day in colour, odour, and specific gravity, 
and its market value is lowered accordingly. Although considerable 
improvement has been made, wood turpentine still varies greatly in 
composition, much to its detriment commercially. That produced by 
steam distillation has, in well-refined turpentines containing but a 
small amount of heavy oils, a pleasant, fresh pine odour, and but 
little colour, while the heavier portions of the steam-distilled oils have 
a more penetrating and lasting odour, somewhat resembling that of 
camphor, and the more of these heavy oils the turpentine contains 
the stronger its odour, and the more it differs from gum turpentine in 
all its properties. 

Turpentine produced by destructive distillation has a pungent, 
smoky odour, which the most careful refining will not entirely 
eliminate, and is usually more highly coloured than the steam-dis- 
tilled product. The general character of the turpentine is determined 
largely, therefore, by the method of production, but it is further 
modified by the care with which it is refined. Every precaution 
should be taken to ensure that the temperature does not rise suffi- 
ciently high to drive over the heavy oils. If the refining still is 
heated directly with fire, a thermometer may be placed in the liquid 
and the heat so regulated that its temperature does not rise above 
220" C. ; or, if the still is properly constructed, the product may be 
controlled by taking the specific gravity of the distilled and cooled 
spirit. 

Pine Stump Oil . — Bergstrom obtained a crude oil from P. silves- 
iris stumps by superheated steam distillation at 180" C. Fractionated 
in a column still, this oil furnished about 50 per cent, boiling-point 
156*5" C. (mainly d-pinene). Another largo fraction, containing 
sylvestrene, came over at 171 "'to 178" C., and a third fraction, boiling- 
point 190" G., contained terpineols and oil of turpentine, apparently 
formed during distillation. Pure terpineols were got at 218" C., 
and these were transformed into acetate and back again into ter- 
pineols, which bodies impart the agreeable smell and sharp taste to 
pine* wood. Bergstrom obtained terpineol from the timber of P. 
palustris. The fraction distilling at 265" C. differs from the preced- 
ing by being levo-rotatory. It contains sesquiterpenes and cadinene; 
The still higher fractions contain sesquiterpene, alcohol, and have a 
• bluish colour. 

Bectifying Pine Oil . — The inferior oils of turpentine (pine oil) 
pbtained by dry distillation are distinguished by a strong smell, which, 
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according to Hesse, can be eliminated by treating them with metals 
of the alkalis or alkaline earths, whereby the malodorous con- 
stituents are converted into a non-volatile form. The quantity of 
metal required is so small as to add but little to the cost of prepara- 
tion of the oil, and, if necessary, the distillation from the metals in 
question may be preceded by a treatment with hydroxides of the 
metals of the same groups. The process differs from those in which 
the malodorous ingredients are oxidized, there being no destruction 
of the more valuable unsaturated components of the oil. As an 
example of the process, 1000 parts of Eussian oil of turpentine are 
mixed with 3 parts of metallic sodium, and distilled under ordin- 
ary pressure, the operation being repeated with the whole or part of 
the distillate if necessary. Again, 1000 parts of American wood oil 
are boiled for an hour with 5 parts of caustic soda and 30 parts of 
alcohol, the latter being eliminated by distillation or washing, and 
the remainder distilled in vacuo after saponification with 2 parts of 
a liquid alloy of sodium and potassium. In a third example, 1000 
parts of Polish pine oil are heated with 5 parts of quicklime, and 
afterwards distilled from 1^ parts of metallic calcium in vacuo or 
under ordinary pressure. 

Dry Distillation Turpentine. — Sundvik publishes in a French 
journal some notes on the turpentine oil obtained by dry dis- 
tillation, and known as “ pine essence”. He points out that whilst 
pure steam -distilled turpentine oils contain traces of a substance 
which gives the characteristic blue reaction with tincture of guaia- 
cum, the oils obtained by the dry distillation of the resinous woods do 
not give this reaction. Further, the hydrocarbons of genuine turpen- 
tine deflagrate with iodine, whilst those of the dry distillation product, 
being far more fully saturated, do not produce this effect. From 
pure Finnish turpentine the author has isolated a small quantity of 
terpineol, and also 0'3 per cent of guaiacol. The author has examined 
seventeen samples of this dry distillation turpentine, and found their 
optical rotation to vary between + Q'T^'and + 17*03°. The distillation 
temperatures of the “ essence of pine ” are higher than those of the 
pure turpentine, the greater part distilling between 160° to 170°, as 
against 155° to 162° C. for the ordinary spirits of turpentine. 

Dry Distillation of Turpentine from liesinous Woods. — Eesinous 
woods are distinguished from hardwoods in yielding a much larger 
percentage of oils when distilled. Some of these oils exist naturally in 
the wood, while others are derived from the breaking up of natural 
resins. When wood is gradually heated as in destructive distillation, 
and the temperature in the retort rises above 100° C., these oils mixed 
with w'ater l)egin to pass over or distil, and continue with rising tem- 
perature until the distillation of the wood is complete. The oil pass- 
ing from the retort at any moment may be different from that which 
passed previously and from that which follows it, so that in practice 
. the distillate is a mixture of compounds having plosely related chemical 
and physical properties, and this mixture increases in density and 



WOOD TURPENTINE — WOOD TAR— WOOD CREO$OTE. 177 

the boiling-point rises with the temperature in the retort. Below 
the temperature of 250° C. the oils are almost colourless, and there 
is but little if any breaking up of the natural resins, those that have 
distillecl being naturally in the wood. When, however, the tempera- 
ture in the retort rises above 200° C., the w'ood substances begin to 
char, giving to the products their characteristic smoky odour. Con- 
sequently, in order to obtain a turpentine free from this odour the 
temperature of the retort must not rise above 200'’ C., until the turpen- 
tine is completely distilled. At approximately 250° C., or above, the 
lighter resins begin to break up, yielding oils which boil at from 97'’ 
to 250° C. When the temperature in the retort rises above 300° C. 
the heavy resins or rosin breaks up, yielding 3 to 7 per cent of light 
oils, known commercially as “rosin spirits” or “pinoline,” boiling 
at from 97° to 250° C. ; 75 to 85 per cent of heavy oils, boiling at 
from 250° to 450° C., known as “rosin oils,” and water containing 
about 1 per cent of acetic acid. The oils distilling above 200° C. are 
contaminated by products derived from the breaking up of the wood 
substance, and these products mask especially the odour of the oils 
specified, so that they do not have the characteristic rosin-oil odour. 
By proper methods of treatment and fractional distillation oils of 
different physical and chemical properties may be obtained, and a 
number of such oils are on the market under various trade names. 
Some of these oils have not yet found a regular sale, however, owing 
to the fact that their composition is not definitely known. 

, Rosin — This product has a specific gravity ranging from 

0'856 to 0*883, and a boiling-point varying from 80° to 250° C. It 
has a peculiar odour, and, with the exception of wood turpentine, is 
the best substitute known for spirits of turpentine, being much used 
in the manufacture of the cheaper grades of varnish and as an illu- 
rninant. It contains as a characteristic constituent heptane (C^Hgi), 
which boils at 103° to 140° C., has a specific gravity of 0*8031 at 
20° C., and absorbs oxygen readily. [This substance has already 
been described (pp. 139-40), as have the rosin oils, but they are 
mentioned here to complete the range of products from the low 
temperature distillation of resinous wood. The data are those of 
the U.S.A. Forestry Department.] 

Rosin Oils . — Crude rosin oils have specific gravities varying from 
0*960 to I’O, while the refined oils vary from 0*960 to 0*990 and boil 
at from 300° to 400° C. They are largely used in the preparation of 
axle grease and other low-grade lubricants ; also in the manufacture 
of printing inks, leather dressing, and cement, and as an adulterant- 
for other oils. 

Bilfinger Process for Distilling Turpentine , — This is a retorting 
process. Pine sawings, chips, or sawdust are put into a retort, ^ 
^ fitted with suitable condensers, and distilled with superheated steam 
and fire. One cord of pine-wood takes thirty-six hours to work 
through, and it gives 25 to 40 gallons of No. 1 turpentine, 15 to 20 
gallons of No. 2 turpentine, 30 gallons of tar, 15 gallons of creosote, 
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and 25 bushels of charcoal. The arrangement of plant is such that 
the turpentine is easily separated from the tar and creosote. The 
temperature at which the process is worked is 500'' F. It is claimed 
that a water-white turpentine, equal to the ordinary spirits of tur- 
pentine, can be made. The No. 1 grade averages 91 to 95 per cent 
pure turpentine, and completely evaporates from a sheet of paper, 
and so does all that the old turpentine will do. The No. 2 grade is 
not of so good a colour, but is said to be suitable for dark-coloured 
paints. The tar and creosote are marketable products. From a 
twelve-retort plant there can be obtained 1000 casks of turpentine 
per year. 

Phic-Wood Distillation in the U.S.A, — A report of the U.S. 
Department of Agriculture supplies the following figures, showing the 
quantity of pine distilled and the products. The total amount used 
by the fifteen operators reporting was 16,969 cords, with a value of 
$42,805. The products differed, of course, from those of hardwood 
distillation, in containing a large amount of tar and turpentine, but 
no alcohol. Much less charcoal is obtained from pine than from 
hardwood, the average relative proportions being approximately 
350 lb. per cord, as against approximately 700 lb. per cord. Tar, 
a by-product in hardwood distillation, is one of the major products 
of pine distillation. The average price of pine-wood per cord is also 
lower. The number of stills was fifteen, and 16,969 cords of wood 
were used, valued at J^42,805. The products comprised 300,106 
bushels of charcoal, 362,500 gallons of tar, 434,780 gallons of oil, 
238,180 gallons of turpentine. 

The Properties and Uses of Steam-Distilled IKoo^^ Turpentine , — 
Long Deaf Pine Oil, from the Pinus palnstris or long leaf pine, the 
tree known to British carpenters as pitch pine, is obtained as a by- 
product in the extraction of turpentine from lightwood by means of 
steam. It merits consideration for its own intrinsic character, not 
because it is a new product ; as its uniformity, many uses, and the 
large production indicate that it is a valuable source of terpene 
derivatives. The statements here refer only to the steam-distilled 
product. The rosin-bath process and the destructive distillation 
systems give fractions with somewhat similar properties, but in the 
one case they are contaminated with products of rosin distillation 
and in the other with creosote compounds. 

A few years ago, the sale of this oil was almost negligible, and 
the greater portions of those fractions of the distillate which contained 
the oil were thrown away. To-day the purified product is sold 
regularly in car-load lots. It will dissolve any of the ordinary varnish 
resins cold, whereas m the usual methods of manufacturing varnishes 
the resins must be melted before they dissolve jjroperly. It is valuable 
in varnish works for washing filter cloths. It is one of the best 
solvents for rubber. It can be added to a nitrocellulose lacquer 
dissolved in amyl acetate without precipitating the nitrocellulose. It 
is not a rapid hard drying oil, and so is used in coating insulated 
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cables [as a solvent ?]. The high price of oil of camphor, and the more 
stringent laws regarding the use of benzine, have led to the substitu- 
tion of pine oil almost exclusively for these two products in the 
manufacture of metal polishes. Properly refined it has a pleasant 
odour which leads to its use (1) by the essential oil trade and (2) soap 
makers for perfuming cheaper soaps. Its chief constituent is ter- 
pineol. 

This experiment was repeated, using a sample of long leaf pine 
oil, of which nearly the whole distilled at 216° to 218" C. 100 grammes 
of this oil heated for one hour with 400 c.c. of dilute sulphuric acid 
(1 : 2) and then distilled with steam and dried over sodium, gave 85 
c.c. of oils volatile with steam. On redistillation the following fractions 
were obtained : 5 c.c. at 165° to 175° ; 56 c.c. at 175° to 180° ; 6 c.c. 
at 181° to 185°, and 15 c.c. at 186° to 192°. The largest fraction had 
a specific gravity of 0'860, and evidently consisted essentially of 
terpinene. These results agree quite closely with Wallach’s from pure 
tei’pineol. The specific gravity, index of refraction, and boiling-point, 
its absorption of bromine in quantity corresponding to a dibromide, 
the formation of a nitrochloride, nitropiperidide and nitranilide, the 
formation of terpinene by dehydration, and the easy conversion and 
large yield of terpin hydrate, leave little doubt that the essential con- 
stituent of long leaf pine oil is a terpineol and is probably the opti- 
cally active hevo modification of a-terpineol (A -p-menthenol (8)) 
boiling at 217'' to 218° C. 

This seems to l^o the first recorded occurrence of terpineol in any 
member of the pine family. Even in this case it was obtained not 
from the living tree but from light- wood, i.e. from portions of the tree 
which had been cut at least three years and were very resinous. It 
is the common belief of those familiar with light- wood that its resinous 
content increases regularly from the time it is cut from the tree or 
from the death of the tree. If any such action occurs the appearance 
of terpineol here would seem quite natural, as its formation from 
pinene requires only the addition of one molecule of water accompanied 
by splitting the tetra ring of pinene. The investigation of this oil is 
being continued. 

As it comes to market, it is either clear and water- white, contain- 
ing 3 or 4 per cent of dissolved water, or it may have a very faint 
yellow colour and be free from dissolved water. The specific gravity 
ranges from 0*935 to 0*947, depending on freedom from lower boiling 
terpenes. A good commercial product will begin distilling at about 
206° to 210°, and 75 per cent of it wdll distil between the limits 211° 
to 218°, and 50 per cent of it between 213° to 217”. A sample having 
a density of 0*945 to 15*5° showed a specific rotation of about [a] 

— 11° and an index of refraction of Nj, 1*4830. In fractional dis- 
tillation of the oil the specific gravity of the various distillates rises 
regularly with increasing temperature, becoming steady at about 0*947 
at 217°. 

If the oil consists essentially of terpineol, CjoHigO ; it should be 
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easy to convert it into terpin hydrate, C 10 H 20 O 2 + Hj,0, by the method 
of Tiemann and Schmidt. The conversion was found to proceed 
easily when the oil was treated with 5 per cent sulphuric acid, either 
with or without admixture with benzene. If agitated continuously, 
the reaction is complete within three or four days. If, on the other 
hand, the mixture is allowed to stand quietly, the formation of terpin 
hydrate extends over several months and produces most beautiful 
large crystals, which, without recrystallizing, melt at 117*" to 118° C. 
When recrystallized from ethyl acetate they melt at 118° C. Yield,' 
about 60 per cent of the theoretical. This forms such a simple, cheap 
and convenient method of making terpin hydrate that it will doubtless 
supersede the usual manufacture from turpentine, alcohol and nitric 
acid, and instead of terpin hydrate serving as raw material for the 
manufacture of terpineol, as heretofore, the reverse will be the case. 

Terpineol Xitrosocfiloride . — This compound was made in the usual 
manner from amyl nitrite, glacial acetic acid, and hydrochloric acid. 
The yield was good, and the product, after crystallization from ethyl 
acetate, proved to be very stable. Melting-point, 101° to 103° C. 

Terjnneol Xilrojjiperidide , — This compound was made from the 
nitrosochloride and piperidine according to Wallach’s method. The 
once recrystallized product melted at 1/58 to 159° C. and formed well- 
shaped crystals from methyl alcohol. 

Terpineol Xitranilide was made from the nitrosochloride and 
aniline dissolved in alcohol. On dilution of the reaction mixture 
with a little water good crystals of the nitranilide were obtained. 

Dehydration Products . — Wallach found that when 25 grammes of 
terpineol were heated with dilute sulphuric acid, there resulted 16 c.c. 
terpinene and cineol boiling at 177° to 180° C., 4 c.c. boiling at 181° 
to 185° C., and 1 c.c. boiling at 186° to 187° containing terpinolene. 

Pitch and Tar . — The residues from the purification of turpentine 
oleo-resin may also be treated in a pitch furnace. The furnace is a 
truncated receptacle, 3 feet high by 13 feet in diameter at the base 
and 20 inches in diameter at the top. The furnace is built of brick 
and surrounded by a thick mass of masonry. The ashes left on the 
sole are removed and the vent plugged during each operation. The 
sole is concave and has, in its centre, a small reservoir, correspond- 
ing with a cast-iron pipe, leading the pitch or tar into a reservoir ; 
water and sand are deposited at the bottom of the receiver. In 
making pitch a layer of wood is placed on the sole of the furnace to 
prevent the exit pipe being choked. The furnace is then filled with 
the purification residues of the turpentine, leaving the least amount 
of vacant space possible. The door is closed with bricks and luted 
with clay. The furnace is lighted from the top. The slightest 
current of air from the lower region of the furnace burns the mass 
to ashes. Therefore small cracks are carefully luted with clay. 
When the furnace is well lighted and the fire has descended far 
enough the upper Orifice is closed by a cast-iron lid which is 
covered with earth. The heat gradually gains ground and the resin- 
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ous matter sweats before being reached by the fire, and forms. in the 
reservoir a mass of soft pitch, which is either put on the market as 
it is or distilled like turpentine, when it yields a brownish-red spirit 
and a residue of hard pitch. 

We have seen that the residues on the wire sieves and straw 
strainers still contain oleo-resin, which may be recovered and made 
into pitch by a steam jet in an open or closed vessel. Dromartj 
in 1863, designed a high-pressure apparatus which avoids lost?. 
The residues arc fed through the door into a cylinder above the 
grating. The tap is opened and the steam drives out the air 
through another tap. Steam at 150' C. (4’5 to 5 kilogrammes) 
is then applied. Extraction is incomplete at a lower temperature, 
at a higher temperature the rosin distils its spirits. Steam is kept 
underneath the still. Starting in the l)eginning at a low temperature 
a certain amount of products distil below 300° F., but the products 
richer in carbon require a higher temperature, but too great a heat 
must be avoided as it leads to an increase in the gaseous portion of 
the distillate at the expense of the valuable products, tar, etc. 

Wood tar is manufactured in much the same way as the pitch. 
The raw material consists of small fragments of broken-up pine- 
wood. The roots yield more tar than the trunk and the heart- 
wood more than the sap-wood. Re-charging is done as soon as the 
workmen cun enter the furnace. The heat stored up in the walls of 
the furnace is thus utilized to stimulate the flow of resin. A stere 
of wood yields 30 to 40 litres of tar, say 300 to 4*00 litres for a 
furnace of 10 steres, yielding only one fire a week. The retorts 
should not be heated above 350° to 400° C. (662’ to 752° F.) if it 
be desired to get the maximum percentage of acetic acid obtainable. 
When wood is distilled for gas the vapours from the still are led 
into a heated generator to undergo what is practically a second 
destructive distillation. Tn distilling for gas, for which the wood 
should be specially dry, the charge is about 112 to 132 lb., yielding 
about 550 cubic feet of gas in an hour and a half. But in distilling 
for tar, 1 to 2 cwt. or more are distilled in about twelve hours, burning 
the gas in the furnace under the retort, the flames circulating round 
about it. The deep red pines richest in resin are chosen, the old 
tapped trees yielding the best and largest distillate. The gas from 
the distilling wood itself is the chief fuel used. For the first twelve 
hours the heat is kept below 290° C. (544° F.), afterwards raising it 
to 450° C. (842° F.). .The average results from sixteen charges of 
wood, averaging 4573 lb., were: light oil, density 0'875to 0*950, 13*8 
gallons ; pine oil, 0*950 to 1*040, 73*5 gallons; pyroligneous acid, 1*02 
specific gravity, 185 gallons; charcoal, poor, 1511 lb. The liquid 
distillates are allowed to deposit when the oil floats on the acid liquor. 

When gas is burnt below the retorts, 8 to 10 cwt. of coal are 
required to distil a ton of wood, and oak takes about 10 J cwt. to 
the ton. The small retorts used in the southern states of the U.S.A. 
are made of cast-iron, the larger ones of wrought-iron or steel. 
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They vary in size from 5 to 30 feet in length and 3 to 9 feet in dia- 
meter and 5 to 30 feet long. The furnace gases are led beneath a 
brick arch. The oil is distilled down to four-fifths and the residue 
used for creosoting. 

Wood-Tar Creosote . — Creosote is derived from two Greek words, 
/epea^ and meaning “flesh” and “I save It was first dis- 

covered in beech-wood tar by Reichenbach in 1833. Of the five new 
bodies which Reichenbach discovered in wood-tar, and in regard to 
which Dr. Angus Smith remarks, “ people could not find them till 
long after he died,” creosote is the most important. 

Creosote may be prepared either from wood-tar or from crude, 
pyroligneous acid. The tar must be distilled till it acquires the con- 
sistence of pitch, and at the utmost till it begins to exhale the white 
vapours of paraffin. The liquor which passes into the receiver 
divides itself into three strata, a watery one in the middle, placed 
between a heavy and a light oil. The lower stratum alone is adapted 
to the preparation of creosote. 

1. The liquor being saturated with carbonate of potash, is to be 
allowed to settle, and the oily matter which floats at top is to 
be decanted off. When this oil is distilled, it affords at first products 
lighter than water containing but little creosote, which are to be re- 
jected, but the heavier oil (with a bad smell and sour-sweet caustic 
bitter taste which at first is pale yellow but becomes brown by ex- 
posure to the air) which fol low's is to be separated, w'ashed repeatedly 
by agitation, wdth fresh portions of dilute phosphoric acid, to free it 
from ammonia, then left some time at rest, after which it must be 
washed by water from all traces of acidity, and finally distilled 
along with a new portion of dilute phosphoric acid, taking care to 
cohobotate, or pour back the distilled product repeatedly itito the 
retort. 

2. The oily liquid thus rectified is colourless ; it contains much 
creosote, but at the same time some eupione, etc. It must therefore 
be mixed with potash lye at 1*12 specific gravity which dissolves the 
creosote. The “ eupione ” floats upon the surface of that solution, 
and may be decanted off. The alkaline solution is to be exposed to 
the air till it blackens by decomposition of some foreign matter. The 
potash being then saturated with dilute sulphuric acid, the creosote 
becomes free, w'hen it may be decanted or siphoned off and distilled. 

3. The treatment by potash, sulphuric acid, etc., is to be re- 
peated upon the brownish creosote till it remains colourless, or 
nearly so, even upon exposure to air. It must be now dissolved in 
the strongest potash lye, subjected to distillation anew, and lastly, 
re-distilled with the rejection of the first products which contain 
much water, retaining only the following, but taking care not to 
push the process too far. 

In operating upon pyroligneous acid, if we dissolve effloresced 
sulphate of soda in it to saturation, at the temperature of 267*’ F., 
the creosote oil will separate, and float upon the surface. It is to 
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be decanted, left in repose for some days, during which it will part 
with a fresh portion of the vinegar and salt. Being now saturated 
while hot with carbonate of potash and distilled with water, an oily 
liquor is obtained, of a pale yellow colour. This is to be rectified by 
phosphoric acid, etc., like the crude product of creosote from tar. 

Creosote is apparently composed of 76 ’2 carbon, 7 '8 hydrogen, 
and 16’0 oxygen, in 100 parts. It is an oily-looking liquid, slightly 
greasy to the touch, void of colour, having an acrid burning taste, 
and capable of corroding the epidermis in a short time. It possesses 
a penetrating disagreeable smell, like that of highly smoked hams, 
and when inhaled up the nostrils causes a flow of tears. Its specific 
gravity is 1’037, at fiS'" F. Its consistence is similar to that of 
oil of almonds. It has no action upon the colours of litmus or 
turmeric, but communicates to white paper a stain which disappears 
spontaneously in a few hours, and rapidly by the application of 
heat. 

It boils without decomposition at 39H" F. under the average 
barometric pressure, remains fluid at 27° C. in distinction from coal- 
tar creosote, is a non-conductor of electricity, refracts light power- 
fully, and burns in a lamp with a ruddy smoky flame. 

When mixed with water at 58° F. it forms two different com- 
binations, the first being a solution of 1 part of creosote in 400 
of water ; the second, a combination of 1 part of water with 10 
parts of creosote. It is miscible in all proportions with alcohol, 
ether, acetic ether, naphtha, carbon disulphide, anhydrous glycerine, 
and with fatty and essential oils, etc., but it is not miscible with 
liquor. 

Creosote dissolves resins and camphor, a large quantity of iodine 
and phosphorus, as also of sulphur with the aid of heat, but it 
deposits the greater part of them in crystals on cooling. It com- 
bines with potash, soda, ammonia, lime, baryta, and oxide of copper. 
Oxide of mercury converts creosote into a resinous matter, while 
itself is reduced to the metallic state. Strong sulphuric and nitric 
acids decompose it. 

Creosote dissolves several salts, particularly the acetates, and 
the chlorides of calcium and tin ; it reduces the nitrate and acetate 
of silver. It also dissolves indigo blue ; a remarkable circumstance. 
Its action upon animal matters is very interesting. It coagulates 
albumen, ammonia, fixed alkalies, etc., and prevents the putrefaction 
of butcher’s meat and fish. For this purpose these substances 
must bo steeped a quarter of an hour in a weak watery solution of 
creosote, then drained and hung up in the air to dry. Hence 
Eeichenbach has inferred that it is owing to the presence of creosote 
that meat is cured by smoking ; but he is not correct in ascribing 
the effect to the mere coagulation of the albumen, since fibrine 
alone, without creosote, will putrefy in the course of 24 hours, 
during the heats of summer. It kills plants and small animals. It 
preserves flour paste unchanged for a long time. 



184 


THE MANUFACTtJBE OF VARNISHES. 


Creosote exists in the tar of beech-wood, to the amount of from 
20 to 35 per cent, and in crude pyroligneous acid. 

.It ought to be kept in well-stoppered bottles, because when left 
open it becomes progressively yellow, brown and thick. 

Creosote has considerable power upon the nervous system, and 
has been applied to the teeth advantageously as well as to the 
skin in recent scalds. Its medicinal and surgical virtues have been 
much exaggerated. Its flesh-preserving qualities have been i-endered 
of little use by the difliculty of removing the rank flavour which it 
imparts. Ure found the following “constants” — a sample from 
Zimmer it Co. had a density of 1*054, a north of England sample 
1*057 and a boiling-point varying from 370° to 380° F. Morson’s 
creosote (much esteemed) had a density of 1*070 and boiled first at 
280° F., but progressively rose- in temperature to 420° F., when it 
remained stationary. The German sample was distilled from the 
tar of the pyroligneous acid manufacture. “ Creosote, I believe, is 
often made from Stockholm tar” (Ure). 
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SPIRIT VARNISH RKSINS AND COLOURING MATTERS. 
CHAPTER XTV. 

BENZOIN. 

Benzoin. — Vlalay benzoin was known to the Arabs under the name 
■of Incense of Java, Lnhan Djawi or Djaoni, corrupted into Ban Djaoui; 
hence probably the origin of the word Benzoin, corrupted in Great 
Britain into Bcnjainvi . Benzoin is a balsam secreted by a small tree 
of the Malay Archipelago, that is by one or more species of Styrax, a 
genus giving its name to the natural order Styraccae. There are four 
kinds of the balsam met with on the London market. It is well known 
■that Styrar benzoin, Dryandor, is the source of Sumatra benzoin, but 
there is considerable doubt as to the ‘exact source of the other three 
sorts. Some authors assert that Siam benzoin is produced from a 
different species from that of Sumatra. Pierre alleges that the species 
are one and the same, viz. S’, benzoin, Dryander {Plarfiospermum 
benzoin, Pierre). But as a distinction is made in the resin trade be- 
tween the ^falay or Sumatra benzoin, it will be advisable to study 
the products separately. It may, however, be as well to state at the 
outset that the Siam resin is the most costly and the most highly 
esteemed. 

1. Sumatra Benzoin (Malay synonym, Menjan, Indian synonyms, 
lnhan (bazaars), hnssi, shanibirani kaminiaii) exudes in whole or at least 
the greater part from S. benzoin, Dryander. It is a small tree with 
oval elliptical or oval oblong leaves, only velvety on their external 
surface, imbricated, convoluted. The stamens (eight to ten) are shorter 
than the petals, and the style, with downy hlaments, concrescent 
underneath with the tube of the corolla. The ovary is ovoid, sessile, 
with three to four incomplete dissepiments, surmounted by a long 
thin and glabrous stylo. The ovules, arranged in two series of three, 
are subascendant and semi-anatrdpous. The fruit is a spherical, red, 
pubescent, indehiscent, monospernious drupe, with an external, sube- 
rose envelope and bony endocarp. The sessile seed has its external 
tegument traversed by six longitudinal grooves. It is furnished with 
a subcorneous albumen and a transversal embryo. This tree may be 
grown in almost all soils, but it frequents upland, dry, sandy, never 
flooded ground. It does not appear to go above an altitude of 1000 
feet. In low-lying damp ground the trees grow rapidly, but only 
yield inferior resin. It does not grow on marshy, flooded ground 
nor on limestone. Reproduction is by seed sown in nurseries and 
transplanting the young trees and slips growing round about the 
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adult trees, which are separated from the mother plant and trans- 
planted into suitable soil, shading them from the sun during the 
early stages of development, and protecting them from the invasion 
of an undergrowth of brushwood, which would stifle them. The 



Fio. 2H . — Styrax benzot7i (Dryander, after GrcsholT). 1, branch and inflores- 
cence; 2, entire fruit ; 3, fruit, the epicarp of which has been cut to expose bony 
endocarp. 

cultivation of the tree therefore presents no great difliculty. The 
trees are exploited in their seventh year during the dry season. The 
incisions are made in the trunk by means of a sort of hatchet which 
the Malays ceiW a, paraiuj . They are scarcely incisions but deep tri- 
angular wounds or takoli, the dimensions of which do not exceed 1 
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centimetre ; they pass through the bark and enter the wood. When 
a tree is tapped for the first time nine cuts are made arranged three 
by three along three vertical lines, or to be more exact, along three 
equidistant genetrioes drawn on the surface of a cylindrical trunk. 
On each of these verticals a first cut is made 4 centimetres from 
the ground, a second the same distance above, and a third at the 
same distance still higher up. The hark is scraped and suitably 
cleaned in the intermediate spaces. After eight days a yellowish 
liquid quickly passing to brown issues from the wounds. The slight 
exudation, remaining viscous a long time, covers the cuts and the 
neighbouring bark. It takes two months to harden so far as to he 
capable of collection. But the resin of the first exudation is value- 
less and is not collected, it is detached by the parang whilst at the 
same time three new cuts are made in the same verticals 4 centi- 
metres above, then a fourth 40 centimetres above the highest of the 
three. After another three months, a new series of cuts 4 centi- 
metres above the four preceding and 40 centimetres above the fourth, 
and so on every three months. When the first three verticals are 
filled, new sources are attacked either to the right or to the left, fol- 
lowing the same method, which may bo varied, still retaining the 
same principle. In the first six months following the beginning of 
the tapping the scanty product is of mediocre value. But afterwards 
for three consecutive years the maximum yield is obtained, which 
corresponds with the middle age of the life of the tree. Then pro- 
duction decreases, the tree becomes exhausted and dies after 
seventeen or nineteen years’ existence. When the benzoin is poor 
it is so fluid that it flows down the trunk of the tree to the ground. 
Good qualities are known by the exudation being thick and viscous 
and adhering to the bark around the incisions in fine, bright yellow 
masses. It is then collected every three months, as benzoin does not 
lose its sticky nature until after two months’ exposure to the air. 
The pieces are detached with a parang or a bamboo blade, working it 
from below upwards, so as to avoid peeling the bark with the parang ; 
it is blackish and very im])ure. In a well-managed ])lantation a tree 
may yield mon; than three kilogrammes of benzoin in each collec- 
tion. The })roduct after a fresh assortment is i)acked in barrels made 
from bark and called kepock inenjan, which are covered with the wide 
sheaths of palm leaves. 

Varieties of Malay Benzoin. — (1) Sumatra or Padang benzoin, 
which is the most esteemed, either, as is claimed, because it contains 
more benzoic acid than other sorts or because it is more pure, being 
collected with greater care ; (2) Palembang benzoin, the low value of 
which is due partly to sophistication by Chinese ; (3) Penang benzoin, 
the importation of which into London is comparatively recent, say sixty 
years ago, whilst the two former sorts have been known there for more 
than two centuries. Moreover, Penang benzoin a})pears so different 
from the other two by its characters and properties that Han bury, 
attributed its botanical origin to a particular species, the 8'. Siibdenti- 
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culata, Miquel. But nothing has since occurred to confirm this 
assertion. The chemical composition and properties of benzoin in 
general are given under Siam benzoin. 

Sia7n Benzoin, the source of which is hardly known, is, according 
to Pierre, the Siijrax benzoin (Dryander) [Plagiosperimm benzoin 
(Pierre)], cultivated in Sumatra and Java. The benzoin tree is 
quite common in the kingdom of Luang Prabang, where the natives 
call it hoc nltam. It is especially abundant in the valley of Nam-hou, 
and more particularly in that of its affluent, the Nam-bac. Almost the 
whole of tlie production, sometimes very plentiful, is exported at 
Bangkok. Tlie tree is rarely found in Cambodia. The benzoin 
tree, if it has not to be introduced, at least requires to be propagated 
in French Indo-China. It might be cultivated as in Sumatra, by 
seeds, and by the numerous slips which the adult plant bears upon 
its large roots. The Siam method of collection is unknown, except 
in so far that it is after the fall of the leaf, in April or May, that the 
Siamese make deep longitudinal incisions through which the resinous 
liquid sweats, which soon concretes into more or less bulky masses. 
Grand says the Laotians rest content with incising the trunk of the 
tree. Siam benzoin consists of amygdaloid tears cemented together 
by a brown translucent ]jaste. As to the tears which form so many 
almonds in the body of the mass, they are more or less coloured, 
sometimes they appear reddish, this tint being due to the action of 
the air before being embedded in the paste. The best qualities of 
benzoin show this amygdaloid appearance. Benzoin exhales a 
savoury odour approaching that of vanilla. It melts on heating, 
emitting a strong odour. It is very soluble in alcohol and ether. It 
contains, besides a minimum proportion of essential oil, two acids, 
benzoic acid and sometimes cinnamic acid. The first occurs alone in 
Siam benzoin, but cinnamic acid is characteristic of Sumatra benzoin. 
Benzoic acid is got from it in two Avays ; when benzoin is heated in 
a vessel surmounted by a cone of cardboard (Fig. 25), the acid 
sublimes as light crystalline fiakes, which were formerly termed 
flowers of benzoin. Another process, due to Scheele, consists in 
boiling the benzoin with milk of lime, and in concentrating it by 
evaporation, and precipitating by hydrochloric acid. The benzoic 
acid separates, and is purified by crystallization in boiling water. 
Siam benzoin is highly valued in perfumery. Its price seems to 
have diminished greatly, whilst the exports have simultaneously 
decreased. In 1889 the quantity put on the market was 521 piculs, 
worth 62,812 dollars, which makes (the picul being 133 lb.) about 
69,293 lb., worth £12,560, or say 3s. 7d. the lb. In 1890, owing to 
the extreme depreciation of benzoin on the European market, the value 
of the exports only amounted to 46,780 dollars. Finally, in 1896, the 
French Consul at Korat reported benzoin as being worth only 146 
francs the 100 kilos, say about lOd. the lb. ; the exportation was 160 ■ 
piculs, worth 8742 ticaux the heal, being about Is. 3d. of our money. 

Sumatra benzoin contains three different resins; moreover it 
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Dntains a small quantity of an essential oil and a mixture of 
enzoic acid and cinnamic acid or cinnamic acid alone. Kolbe 
nd Lautemann met with some specimens of benzoin which did 
ot contain benzoic acid. From one sample of the best quality 
rought from Sumatra they extracted an acid altogether ditferent 
:om benzoic acid, fusible in hot water and giving oil of bitter 
Imonds when oxidized by potassium permanganate and supposed 
3 be identical with alpha toluylic acid, which Miiller and Strecker 
btained by heating vulpinic acid with baryta. Tschirsch analysed 
sample of Sumatra benzoin. He gives the following particulars 
f his methods, results, and deductions. It gave ash O'Ol per 
ent; distilled with steam it gave traces of styrol and a mixture 
f cinnamic and benzoic acid, which were identified by conversion 
ito the ethyl ether, fractionation, and saponification. The benzoin 
/as dissolved in ether and shaken with 4 per cent soda lye. 



Fi(i. 25. — Sublimation of Benzoic Acid. 


,n oil remained dissolved in the ether which was extracted there^ 
'cm by sulpliite solution and gave a small amount of benzaldehyde 
nd some time afterwards colourless crystals, melting-point 44” C., 
/hich on saponification gave cinnamic acid, melting-point 133° C., and 
innamic alcohol, boiling-point 250° C., and which on analysis 
/as recognized as styracin Found : C 82-1 per cent ; 

i = 6'3. Calculated for : C = 81 81 per cent ; H 6'Ofi 

er cent. When all the stryacin was crystallized out the remaining 
il was fractionated in a stream of CO.,. In the first fraction two 
irammes (boiling at 78° to 80° C.) benzol was found and identified by 
he nitrobenzol and aniline reaction; in the second fraction (80° 
0 150° C.) traces of styrol. The higher fractions were decomposed 
nd contained cinnamic acid, benzyl ester and benzoic acid benzyl 
ster. When the oil after the separation of the benzaldehydes and the 
tyracins was distilled with steam a heavy oil remained in the flask, 
ihenyl propyl cinnamate, which on saponification gave 

innamic acid, melting-point 133° C., and phenyl propyl alcohol. 
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boiling-point 235° G. Found : C = 81’3 per cent ; H = 6*6 per 
cent. Calculated for CjgHjg0.j: C « 81*2 percent; H = 6*76 per 
cent. This ester does not decompose on volatilization. If hydro- 
chloric acid be added to the ethereal solution extracted with soda lye, 
and filtered hot, much henzoic acid and a little cinnamic acid sepa- 
rates out on cooling. The crystals which, after standing for a day, 
were filtered from the solution are taken up with ether, and the 
ether treated with sulphite solution. Crystals separated from the 
sulphite solution which gave all the reactions of vanillin. Found : 
C = 637 ; H = 5 5 . Calculated for C,H,0, : C - 6315; H - 
5*26. The substance which imparts the smell to benzoin had still 
to be determined. Styracin and phenyl propyl cinnamate are 
odourless or almost odourless, and vanillin has a peculiar smell of 
its own which in nowise resembles benzoin. Tschirsch, however, 
was never able to obtain phenyl propyl cinnamate odourless. Yet 
Miller says that when pure it is completely odourless. For the 
estimation of the free acids in Sumatra benzoin the benzoin was 
dissolved in ether and the solution strongly agitated with 1 per cent 
soda solution. To the extract NaCl was added and the mixed acids, 
melting-point 125° C., gave the benzaldehyde reaction with per- 
manganate, and the benzoic acid and cinnamic acid were separated 
therefrom. The ethereal solution of the benzoin was shaken with 
water of 50"' C., filtered and neutralized with soda, and gave a fluid 
which, evaporated and mixed with IICl, only left the acid mixtures. 

These tests prove that benzoin contains no other free acids except 
benzoic acid and cinnamic acid, except in minute quantity. The 
resin freed from free acids, esters, hydrocarbides, and aldehydes were 
now saponified by potash and steam. To the sa])onified fluid strong 
potash was added, and after adding potash in sticks was evaporated 
by direct fire heat. There separated, on the addition of a few drops 
of ether, silky needles of a colourless comj)ound, the potassium salt 
of a resin alcohol of the benzo-resinols. On the addition of HCl 
to the brown solution benzo-resino tannol was precij)itated, from 
which benzo-resinol was extracted by concentrated alcoholic KHO. 
Benzo-potassium resino tannol is precipitated, which with HCl 
gives benzo-resino tannol, likewise a resin alcohol. 

The two alcohols may l)e roughly separated by treating the 
mixture with lime. 

Calcium benzo-resino tannol is insoluble in alcohol. Benzo- 
resinol, melting-point 274° C., is insoluble in water, soluble in 
alcohol, ether, chloroform, aceton toluol, acetic acid, and ammonia; 
insoluble in i^etroleum ether. 

The alcoholic solution reacts neutral. Benzo-resinol dissolves 
to a deep red-coloured solution in concentrated H.JSO4, 
known as the sulphuric acid test for benzoin. It crystallizes from 
ether and acetone in fine needles, from strong or dilute alcohol in 
tufts. The potash solution, salted out by strong potash, gives fine 
•needles of potassium benzo-resinol. Very strongly heated it sub- 
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Limes in needles. The deep red solution in concentrated sulphuric 
acid shows a broad band between \ = 0*555 and X = 0'510/i, which 
on increasing the thickness of the plate gives a broad band of blue 
with absorption of blue and violet. With the Liebermann cholesterol 
reaction benzo-resinol gives a rose-red coloration which passes from 
blue to green, and with the Salkowski-Hesse reaction the chloroform 
is coloured blood-red. Benzo-resinol gives the phytosterin reaction. 
The analysis of benzo-resinol gave the following results. Found 
mean of five analyses : C 76*5 ; H = iO'6. Calculated for CnH.2o0.2 : 
C = 76*8 per cent ; H - 10*4 per cent ; the molecular weight 
estimation with phenol gave 244 and 249. The formula CigHg^O.^ 
requires 250. Potassium benzo-resinol is very readily decomposed. ' 
Analysis shows it to be a monopotassium compound, 13*5 per cent. 
Benzo-resinol absorbs bromine, but can neither be aeetylated nor 
benzoylated. However, Tschirsch prepared methyl and ethyl ethers 
from it. The methyl ether, melting-point 174° C., by boiling with 
alcoholic (methyl) potash a benzo-resinol solution in methyl alcohol, 
containing methyl iodine, crystallizes out on adding a few drops 
of water to the alcoholic solution and responds to the formula 
Cp.HorP^>CH... The ethyl and isobiityl ether were also prepared. 
Finally, to combine tl\o benzo-resinol with cinnamic acid a solution 
of the two in ether was saturated by HCl gas, and the excess of acid 
neutralized by dilate soda solution. The benzo-resinol cinnamate, 
melting-point 206° C., so obtained dissolves in alcohol, ether, chloro- 
form, benzol, but is insoluble in water and petroleum is ether left on 
saponification, cinmimic acid and benzo-resinol, and responded to the 
formula pc., Found : C -= 78*2 per cent; H = 8*8 per 
cent. Calculated : - 78*9 per cent ; II 8*4 per cent. The com- 

pound did not yield crystals. Tschirsch claims it as the first artifici- 
ally prepared resin ester, the first synthetic resin. The second resin 
alcohol obtained by tin; saponification of the mixture of resin esters is 
benzo-rosino tannol or Suinatra-resino tannol. It is prepared ash 
free from the potassium compound by precipitating the solution of 
the same by hydrochloric acid. Like all other resino tannols it does 
not crystallize ; it forms a dark brown powder, slightly soluble in 
alcohol, scarcely soluble in chloroform, benzene, or toluene. Its po- 
tassium compound is precipitated from its alkaline solution by strong 
potash. The deep brown-red solution in concentrated sulphuric 
acid shows an absor])tion in the blue of three dull bands ; a A =« 
0*6(X)/4 at X « 0*550 and X -= 0*500/x. 

The resino tannol gives with iron chloride a brown-black, with lead 
acetate a pale brown, and with potassium pyrochromate a red-brown 
precipitate. It is blackened by HCl ; it also contains a tannin com- 
pound, a tannol. Its melting-point could not be determined. Suma- 
resino tannol gave the following analysis. Found : C =» 72*24 ; 
H - 7*08. Calculated for Ci 8 H,,o 04 : C ■= 72*00 ; H - 6*66. The 
formula also applies. Sumaresino tannol forms an easily 

decomposable monopotassium compound CisHiy 04 K which is pre- 
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oipitated from the alcoholic tannol solution by alcohol potash. It i» 
rekdily decomposed on purification, yielding a molecule of water. 
Found : K = 10*91. Calculated for CigHm 04 K : K = 11*58 per, cent. 
•Sumaresino tannol absorbs bromine left in contact with nitric acid ; 
it is nitrated forming picric acid with dilute nitric acid, it is oxidized 
into red-brown phobaphenic oxidation products. Heated with ethyl 
iodide it forms an ethyl ether, and contrary to tannol it is hardly 
soluble in alcohol l)ut readily soluble in ether. It responds to the for- 
mula CiyHiy 04 . C 0 H 5 . Found : C = 73*3 ; H - 7*46. Calculated for 
C 18 H 19 O 4 . CoHy : C = 73*17 ; H = 7*31. The potassium melt only 
gave fatty acids (butyric acid), likewise phenol, and identified by 
ahalysis protocatechuic acid. Sumaresinol belongs therefore to the 
non-glucosidic protocatechuic tannoids. Hlasiwetz and Barth ob- 
tained from a benzoic potash melt protocatechuic acid and volatile fatty- 
acids coming from the resino tannol (burnt catechin), y^-oxy benzoic 
acid, and an oxidation product of benzoic acid. Hlasiw^etz apparently 
wrought on Siam benzoin, but benzoic acid was not obtained from the 
melt when the resin esters were acidulated. But the potassium melt 
of Sumatra benzoin contains benzoic acid, and cinnamic acid, it is 
known in this operation splits up into acetic acid and benzoic acid. The 
saponification of the pure resin shows therefore that benzoin contains 
two bodies of an alcoholic natural benzo-resinol and sumaresinol. So 
as to establish which of the acids paired with the alcohol in the for- 
mation of esters the resin ester or resin was isolated ])erfectly free from 
free acid. The ethereal solution of the benzoin was precipitated by 
petroleum ether, the precipitate dissolved in ether and again pre- 
cipitated by petroleum ether, then it was dissolved in ether and 
agitated with 1 per cent soda solution to sej)arate free acid. The 
ester mixture so obtained was completely neutral. It exhibited the 
property of all other isolated resins, that of being obtained, when 
softened, in long shining threads, and on saponification becoming 
harder and finally pulverizing. The saponification is finished when 
the mass on heating is no longer soft but yields a granular powder. 
Iron chloride only gives a green coloration, no precii^itate. The 
resin so obtained behaves like all other tannol resins and is readily 
identified by this reaction. If the resin l)e sa}>onified wdth potash 
under a reflux condenser, the solution acidulated, filtered hot, cooled, 
silky crystals soluble in hot water separate, which may be ob- 
tained colourless by filtration through bone-black, melting-point 
133® C. Analysis shows it to be cinnamic acid. Found : C = 73*02 ; 
H-67. Calculated for : C = 72*97; H - 5*41. On 

hydrolysis the resin esters are also split uj) into cinnamic acid. The 
combined cinnamic acid separated by HCl was dissolved in dilute 
potash and at a boiling beat. Strong potash added, crystalline needles 
separated out on cooling, recognized as potassium l)enzo-resinoi. On 
adidulating with HCl they left benzo-resinol, melting-point 273® C., 
identified by its reactions and its elementary analysis. From the 
filtrate from the potassium benzo-resinol HCl separated sumaresino- 
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taanol C 13 H 20 O 4 , which, purified and analysed, was identical with 
siaresiho tannol (described below). To sum up, the resin ester mixture 
of Sumatra benzoin consists of benzo-resinol cinnamate and sumare- 
sino tannol cinnamate. These constitute the greater part of the mass 
of benzoin. All other bodies isolated from Sumatra benzoin are 
only present in small quantities. It follows, therefore, that the 
a, 7 and 8 resins of the older authorities, the collection afforded 
by the benzaldehyde reaction with permanganate, are nothing but 
more or less strongly saponified mixtures of esters. It will be 
readily understood, therefore, that all these resins when boiled with 
caustic soda can be changed into the 7 -re 8 in, the form the most 
strongly saponified resin assumes. To establish the proportion in 
which the two resins are in the ester mixture a weighed amount 
was taken, 27*1, and saponified ; the two resin alcohols were ex- 
tracted by concentrated potash and weighed, the cinnamic acid was 
estimated as loss and by titration. The results were : — 


Benzo-resinol 5 -2 

Sumaresino tannol 64-5 

Loss cinnamic acid 30-2 

Cinnamic acid by titration 32-1) 


9*4 grammes cinnamic acid should have been obtained from the ester 
(27*1 grammes) ; by titration 8*9 was found. 

The ester mixture therefore consists of 

Per cejjt. 

Sumaresino tannol cinnamate 92*0 

Benzo-resinol cinnamate 7*4 

Tschirsch, in his analysis of Siam benzoin, followed the same 
methods as were used for Sumatra l)enzoin. Siam benzoin contains 
little or no ash. It dissolved, with the exception of plant debris, 
completely in ether. The ethereal solution was energetically shaken 
with very weak caustic soda, 2 per cent, and the aqueous solution 
separated ; the procedure repeated with highly dilute soda and then 
with water. The ethereal solution gave with sulphite solution no 
aldehyde. Benzaldehyde, however, occurs in Siam benzoin. On 
evaporating off the ether a small amount, 0*3 per cent, of an oily 
fluid remained, from which, after exposure to intense winter cold for 
a week, no styracin separated, so that body is absent from Siam 
benzoin. Benzo, styrol, and phenyl propyl cinnamate were not 
found. It, however, contained a benzoate. Benzoic acid, melting- 
point 121 '* C., but no cinnamic acid, was obtained on saponification 
of the fraction which distils over at 285*' C. Combined therewith was 
a substance which gave the benzaldehyde reaction with permanganate 
as well as cinnamic alcohol and benzyl alcohol, both of which yield 
benzaldehyde on oxidation. The amount was not sufficient to 
determine the proportion. To isolate the substance 10 kilogrammes 
must be taken. Some light is required as to the occurrence of this 
substance, as cinnamate, reacting with permanganate in Siam 
benzoin, which contains no cinnamic acid, neither free nor com- 
bined as ester. 


13 
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The lye obtained by agitating the ethereal solution of benzoin 
after diwing off the ether was treated with hot HCl. The whole of 
the resin is separated and filtered hot. Crystals separate from the 
cooled filtrate, melting-point 121“' C., with the properties and element- 
ary analysis of benzoic acid which thus occurs in the free state. The 
crystals did not respond to the benzaldehyde reaction. Free 
cinnamic acid is also present in traces. By the above method of 
working it is not quite demonstrated what substance the saponifica- 
tion begins to act upon. It was, therefore, advisable to determine 
definitely whether benzoic acid occurred either free or combined in 
Siam benzoin. The ethereal solution of l)enzoin was extracted with 
0 25 per cent soda solution and decomposed with hot HCl. Benzoic 
acid, melting-point 12r C., crystallized out on cooling. No better re- 
sult was obtained when from the soda solution acidulated by HCl 
the small amount of resin left in solution was precipitated by car- 
bonic acid. The separated acid in all precipitates, by its melting- 
point reaction and analysis, was identified as benzoic acid. The 
acid solution after the crystallization of the benzoic acid was shaken 
with ether, the concentrated ethereal solution shaken with sulphite 
solution, the latter shaken with ether to free it from absorbed benzoic 
acid, and sulphuric acid added. The acid solution gave a vanillin 
ether which purified l)y sublimation was recognized by its crystalline 
form and its reactions. 

The resin left after supersaturation of the alkaline solution by 
acid in the hot state and completely freed therefrom by washing and by 
precipitation from all separated benzoic acid, may be regarded by 
analogy as the product of the saponification of a resin ester mixture 
by soda solution analogous to that obtained from Sumatra benzoin. 
On cooling the hot acidulated saponified fluid silky crystals separated, 
with a melting-point of 121^ C., which did not give the benzaldehyde 
reaction and which by properties and analysis was found to be ben- 
zoic acid. This substance is here also a resin, and benzoic acid is one 
of the substances coupled or ])aired in the ester. This exi)lains the 
abundance of benzoic acid which benzoin yields when this resin is 
saponified by alkalis. The other substance coupled or paired in the 
resin ester and cedes itself to the above methods — extraction by lime 
or strong soda with addition of ether. It separates into two alcohols, 
one of these, by its reactions, melting-point 272" C., and elementary 
analysis, is recognized as benzo-resinol, the other, tliough it only gives 
with iron chloride and potassium pyrochromates a darker colour (iron 
chloride, black-brown), and no precipitate, is a new resino tannol 
termed siaresino tannol. Siaresino tannol is purified by repeated 
precipitation from its alkaline solution by HCl or lead acetate. It 
dissolves in the same solvents as sumaresinol and gave the following 
analysis. Found mean of nine analyses: C = 70‘()1 ; H =» 6'91. 
Calculated for C,.^Hj^O., : C 69’9; H (i'H. The potash deter- 
mination in the dry potassium compound gave K 15‘5, 15*6. 
Calculated for 15 '9 per cent. Fresh precipitated potas- 
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sium smresino tannol contains 1 molecule of water of crystallization, 
Ci. 2 H] 30 ./ 0 K)H., 0 . Siaresino tannol can be acetylated (in tube with 
acetic anhydride). The acetyl derivative, almost insoluble in alcohol 
and therefore easily extracted from the unacetylated tannol, gave 
the following analysis. Found mean of two analyses : C = 67 49 ; 
H = 6‘38. Calculated for : C = 67'7 ; H = 6‘4 per cent. 

A monoacetylated derivative is thus formed. Siaresino tannol there- 
fore contains a hydroxyl, and it may he given the formula 
With concentrated nitric acid it yields picric acid ; with dilute nitric 
acid, red-brown phlobaphene analogous to that from sumaresino 
tannol. To prove in a stringent manner that the bulk of the resin 
in Siam benzoin consisted of a mixture of resin esters, the resin was 
isolated in a pure form. The ethereal solution of the resin was 
repeatedly precipitated by petroleum ether, and the last traces of free 
acid removed by OT soda solution, finally by washing water. The 
neutral resin dissolves completely in ether. The ethereal solution 
can also be acted on direct by soda solution without precipitation by 
petroleum ether. 

The resin ester mixture which dissolves in the usual solvents, 
but not in petroleum ether, here again exhibits the property when 
melting of being capable of being drawn out into silky strings. A 
brown solution is obtained by saponification of the ester mixture 
by potash solution which is precipitated boiling hot by HCl and 
filtered hot. Silky benzoic acid crystallizes from the cold filtrate, 
melting-point I21‘'(^ They did not give the benzaldehyde reaction 
with permanganate and were perfectly free from cinnamic acid, and 
on analysis were identified as benzoic acid. The hydrochloric acid 
portion was treated as described under Sumatra benzoin. It gave, 
on the one hand, benzo-resinol identical with that from Sumatra 
benzoin ; on the other hand, siaresino tannol, identical 

with the above-described sumaresino tannol. 

The ester mixture of benzoin consists of resinol benzoate 
— -0 — O — O — CO . „,H., and siaresino tannol benzoate — 0 

— 0 — CO . C,iH.-. A quantitative estimation gave 

Per cent. 

Jk-n/oic acid ........ .Srt**2 

SiaieHiiio tannol 5^*7 

IJen/.o-resinol 5*1 

from which it ap})ears the tannol ester is in excess. The ease of 

saponification of the resin esters varies greatly. The resin ester of 
Siam benzoin is reatlily saponifiable, that of Sumatra benzoin with 
difliculty. The latter is completely sa])onified by the aid of steam. 

According to F. Reinitzer, Siam benzoin e.xudes from the tree 
in the form of a milky white fluid. This exudation is produced only 
after incision, and must be rciranled as a pathological product, 
formed by changes in the protoplasm and not produced from tannin 
as is generally supposed. Siamese benzoin in tears is distinctly 
crystalline, melting at 59*^ C. When these are heated in the 
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dark at 40° to 50° C., they become dark coloured and amorphous, 
similar to the basis of the commercial benzoin. The purified 
benzoin melted at 72 '8° C., and was perfectly crystalline; it also 
became brown oh heating. The chief product of Siamese benzoin is 
the benzoate of a resin alcohol which Reinitzer has termed ** lubanol ” ; 
it also contains a substance similar to the “ benzoresino tannol ” of 
Ludy, melting at 277° C., but containing a higher proportion of 
oxygen than the last named. This has been called “siaresinor*. 
A third substance present is an amorphous benzoate. The principal 
product, “ lubanol ’* benzoate, gives a green colour with ferric 
chloride, a blue colour with chloral hydrate on heating, and also a 
coloration with the Liebermann-Salkowski reagent. 

Sumatra benzoin also flows from the tree as a milky-white pro- 
duct, and therefore the sumaresino tannol is probably an oxidation 
product subsequently formed. 



CHAPTER XV. 
DAMMAR, KAURI, ETC. 


Dapimar. — This is the name j^iven to more or less allied resins, 
e.g. East India dammar, Batavian dammar, Sal dammar, Bock 
dammar. But dammar is more a generic name than a specific 
name. ‘‘ Dammar ” is, in fact, the Malay term for all gums and all 
resins which exude from trees and solidify rapidly on exposure to 
the air. Besides the true dammars, the products of species of 
Davimaray there are met with on the market several varieties of 
resins derived from very different species of trees which also come 
on the market as dammar. Thus Indian dammar is derived from 
the Shorea robitsta ; white dammar is furnished by the Vateria 
Indica, both belonging to the Dipterocariicwetey whilst black dammar 
is the product of a Burseracea : the Calvarium strictum. But the 
origin of dammar is so confused that even the above statements 
require qualification. Thus included in the genus S/<ort>a are several 
species liesides Shorea robnsta which yield an analogous resin to 
Indian dammar, and these species are not grown in India {vide infra) ; 
and this also applies to both the Fd/cr/a and Canarium. Again, in 
India resins from species of Gardenia have been classified amongst 
the dammars. The true dammars would be resins which flow from 
the trunk of several species of the genus Damvmra (Aijathis Salisb 
of the family of conifera, the Daminara alba, Rumph, the Damnvara 
orientaliH, Lamb). But these are not the dammars of commerce, 
nor do they yield Batavian dammar. They have been already des- 
cribed in Vol. II of this treatise under the heading of Manila Copal 
and Kauri Copal. 

The term dammar in Malay has several meanings. It may 
mean a particular resin or any resin, and as “ links ” or “ torches ’* 
or “flambeaux ” were made by dipping wood in melted resin, the 
word came to mean in Malay not only a resin, or all resins, 
but also a lamp or light. The botanists apply the term dammar 
resin to the resin obtained from the species of Dammard in- 
digenous to Oceania. But British varnish-makers and brokers 
and “ gum ” washers apply the term Manila copal to the resin 
derived from the dammars of Oceania, hence much confusion. 
The resin derived from the true dammar of the botanists is the 
varnish-makers* Manila copal, whilst the dammar of the varnish- 
maker is derived mostly from Dipterocarpus trees, Shorea, Hopea, 
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Vatica, Dryhalonops, Valeria, Dome, partly from trees of the order 
Durseracea (Canariuvi), partly from guttiferae {Garcinia), The 
Batavian dammar, the only dammar known to the British varnish- 
maker, broker, and “gum” washer, is in all probability the product 
of a Shorea. At any rate, as its chemical behaviour to chloral 
teaches, Batavian dammar is the product of a Dipterocarpus tree 



Fra. 26 . — Shorea (Oaertncr), after Brandis and Gilg ; 1, branch and 

inBorescence ; 2, floral bud ; 6, flower ; 4, group of fruits enveloped each by their 
lobes springing from the calyx. 

and not that of a conifer. Wiesner cleared the atmosphere as to 
its source by declaring that it could not possibly be derived from a 
dammar tree. SchiflFner has found the plant, to which he has 
given the preliminary name of Shorea Wienneri Scliiffn., MSC., but 
has up to now published no diagnosis. It is allied to Shorea 
selanica, Blume. In the older woody fibres and in the older bark 
are found long schizogenous and schizolysigenous resiniferous 
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channels, the so-called lysigens of Wiesner. The resin is collected 
in Sumatra as follows ; Incisions reaching deeply into the wood, 
arched above, inclining downwards or slightly inwards are made 
in the wood. The resin collects in these in masses or balls, and 
after a time are collected. Tschirsch examined the system of 
resiniferous vessels of Shorca stcmptera^ the product of which he 
took to agree closely with Shoraa Wiemerl. There exists in the 
new wood a system of anastomosed vessels. The resin flow is a 
result of the wound. 

1 . Batavian damniar was examined by Tschirsch and Glirnmaim. 
The sample was completely soluble in chloroform, benzene, carbon 
disulphide, and sulphuric acid; only partially soluble in alcohol, 
acetic ether, toluene, acetone, and petroleum ether. It yielded on 
dry distillation neither benzene nor toluene nor styrol nor phenyl- 
acetylene. ft was finely pulverized, inserted into the cartridge, 
and extracted in a Soxhlet’s with absolute alcohol. The combined 
extracts were precipitated by water, which extracts a bitter sub- 
stance and precipitates the pure resin in flakes. By repeated pre- 
cipitation the bitter principle is completely removed. The portion 
soluble in alcohol forms 66 per cent of the resin. It contains no 
aldehyde, ft was dissolved in ether and sliaken with 1 per cent 
potash solution. From the united (‘xtracts acidulated by dilute 
hydrochloric acid a bulky precipitate falls, which on washing shows 
the property of an ap])arent acid ; dissolved in potash the potassium 
salt is at once salted out on the addition of potash in sticks, but it 
cannot be crystallized. However, the acid is obtained as spheritic 
crystals when the alcoholic solution of the same is precipitated by 
lead (in the precipitate a small quantity of a second body is found), 
the lead precipitate filtered from the solution decomposed by 
sulphuretted hydrogen and the H^S expelled. The acid was termed 
dammarolic acid. Analysis (mean of four) ; (’ = 76*42; II = 9*24. 
Calculated for Cr^,;II^O„ : C = 76*36 ; H = 9*09 per cent. 

The molecular weight was found to be 892 ; requires 

880. Bammarolic acid dissolves in alcohol, ether, chloroform, 
benzene, aniline, phenol, sulphuric acid, acetic acid, carbon disul- 
phide ; very slightly in petroleum ether. Acetylized, in a tube for 
twelve hours with acetic anhydride and sodium acetate, dammarolic 
acid yields an acetyl derivative soluble in petroleum ether which gave 
the foliowijig results. Found mean of four analyses : C = 75'52 ; 
H = 8*94. Calculated for C,,^IL^,0, . CH.,CO : C - 75*49 ; H - 8*89. 
Benzoylation left a benzoyl derivative which gave the following. 
Found mean of three analyses: C = 76*61; H = 8*51. Calcu- 
lated for C,„;H-/3,< . C„II^CO : C = 76*83 ; H -- 8*54. Dammarolic 
acid contains a hydroxyl derivative, C,,„H-j,0- . OH. It does not 
contain methoxyl. As dammarolic acid in solution reacts acid, the 
basicity of the acid may be determined by titration with normal 
alkali and back titration. The titration required 8*5 per cent K 
to form the K salt ; Cr,,vH.yK.p^ requires 8*86 per cent K. Dammar- 
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olic acid is therefore dibasic. The potassium salt was obtained as 
a dry powder by evaporating the alcoholic solution of the dammarolic 
acid with potash. It was extracted with absolute alcohol so as to 
leave all carbonate behind, and the extract evaporated to dryness 
gave as a mean of four analyses, K = 7*85 per cent. Calculated for 
^ =8*15 per cent. The copper salt prepared by pre- 
cipitating the alcoholic solution by copper chloride gave mean of 
three analyses, Cu = 6*51. Calculated for C,,,.H-j^CuOjj, Cu = 6*68 
per cent. The formula of dammarolic acid can from its behaviour 
wdth metals be written as C 54 H -;03 . OH . (CQOH).^ or as . 

OH'COOH. See remarks on formula of trachylolic acid C^.HggOg.^ 
Strong nitric acid yields picric acid. Along with picric acid a new 
nitrogen free acid* rich in oxygen is produced, preliminarily termed 
oxydammarolic acid. It gave the following • results on analysis: 
Found: C - 59*78; H - 8*20. Calculated for C 4 „H,,A,.: C- 
69*7-7 ; H = 8*22. Fused pota'sh does not attack dammarolic acid 
but very little. The ethereal solution of the resin which has been 
extracted by caustic potash (in the later phases a stronger solution 
is required) so as to eliminate completely all the dammarolic acid, 
leaves behind on the evaporation of the ether a neutral resin, melting- 
point 65^ C., which on boiling for a day (or by steam treatment) with 
10 per cent caustic soda cedes nothing thereto and exhibits the 
properties of a resene. The resene, so boiled, is freed from alkali, 
dissolved in alcohol, and precipitated with water acidulated by 
hydrochloric acid. By repeated precipitation a colourless substance 
is obtained which dissolves in alcohol, ether, and carbon disulphide, 
etc., melting at 90^^ C. Analysis (mean of three) ; C - 80*01 ; H 
= 10*25. Calculated for or C.24H.{402 : C = 80*00 ; H - 

10*30 per cent. The substance was termed a-Dammaro rcsene, as the 
substance is insoluble in potash and indifferent to boiling potash, and 
it can neither be acetylated nor benzoylated nor saponified, nor does 
it react ^ith hydroxylamine. a-Dammaro resene can, however, be 
Bulphonated. It is not oxidized by permanganate. But concen- 
trated nitric acid acts upon it and gives, when poured into water 
in which picric acid remains in solution, a nitrogen free oxidation 
product which gave the following figures. Found : C 47*04 ; 
H - 5*78. Calculated for GJlfi,,: C = 47 *06 ; H = 5*88 per cent. 
The residue in the cartridge from the alcoholic extraction of the 
pure resin on complete extraction with alcohol forms a grey amber- 
coloured product. It dissolves only in chloroform, and on complete 
precipitation a colourless powder, melting at 206^ C., is obtained. 
This is evidently the hydrocarbide of the earlier authors. The 
substance, however, contains oxygen, as the analysis shows. 
Found: C - 84*52; H = 11*77. Calculated for CgjH.oO: C - 
84*55; hydrogen, 11*82 per cent. The substance behaves as a 
resene ; it was termed ff^Dammaro resene, pipterocarpus dammar 
therefore contains : — 


^This treatise, Vol. II, pp. 51-2. 
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Per cent. 

Dammarolic acid 23 

a-Dammaro resene 40 

/3-Dammaro resene 22*5 


85*5 


2. Sal daininar is the product of the SJiorea robusta, a large tree 
of 100-130 feet high, all the young parts of which are covered with 
an ash-coloured down. The petiolated leaves, oval or elliptical, 
cordate or rounded at the base, are terminated by a short obtuse 
acumen. Flowers yellowish, with short pedicals, are in axillary or 
terminal clusters. The sepals are oval, obtusely acuminated, un- 
equal, glabrous within. The petals, four times as long as the limbs 
of the calyx, are pubescent on the exterior, enlarged at the base, 
obtuse at the summit. The stamens, 30-40 or more, bearing 
oval anthers, ciliated at the summit, with recurved connective, 
ovary trilocular, with two ovules in each dissepiment. Fruit 
ovoid, pointed, velvety, coriaceous, indehiscent, free in the upper 
part, and enveloped inferiprly by the swollen unequal lobes of the 
calyx. This species inhabits Northern India, the Himalayas, 
Assam, Punjab ; it extends into Burma, and possibly as far as 
Cochin-China. Gamble says this large gregarious tree occupies 
two principal regions in India : (1) a belt at foot of the Himalayas 
running into its valleys and up its lower ‘hills, 3000-4000 feet, 
exceptionally, as at Lansdowne, still higher ; (2) the C’entral Indian 
belt and the Sal country begins on Ganges, near Hajmahal, passes 
through Southal, Parganas, Rewah, Chota, Nagpur, Central Pro- 
vinces, Orissa, Northern Circars, ending in Palkonda range of 
Vizapatam and the forest of Jeypur. In Telugu, Giujcjilam, in Eng- 
lish, Sal dammar tree, the resin known as Bal Dhoona or Sal 
dammar flows from the trunk in the liquid state and solidifles on the 
surface. It then occurs as irregular, brittle, cream-coloured or dark 
brown, almost opaque, striated, stalactitic pieces, as if each stream 
of resin had coagulated and solidified before the secretion and de- 
position of the next. Its density is 1*097 to 1*123 ; it is inodorous and 
insipid; it melts easily, dissolves partially, in alcohol and almost 
comjdetely in ether; whilst it is perfectly soluble in spirits of tur- 
pentine and fixed oils, it is more freely soluble in benzene. 

Watt gives the following data : When tapped the tree exudes 
large quantities of an aromatic resin, whitish at first but becoming 
brown when dry. The usual method of tapping is, in the month 
of duly, to cut out three to five narrow strips of the bark, according 
to the size of the tree, and about 3 or 4 feet from the ground. In 
about twelve days the grooves have filled up with resin. This ' is 
gathered and left to fill again. They give three yields, amounting 
in the best trees to as much as 7 lb. The first is the best in quality. 
A second yield in October and a third in January are also obtained 
from the same outs, but small in quantity and inferior in quality. 
The resin usually occurs in small, rough pieces, nearly opaque, 
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but very brittle. Gamble states that in some parts of the Upper 
Tista forests large blocks^ 30 to 40 oubio inches in size, may be 
found in the ground at the foot of the trees. It is used to caulk 
boats and ships, also as an incense and in medicine. Hooper says 
it has a much lower acid value than pine resin, viz. 124 in im- 
ported pine resin and 20 to 22 in the Indian article (Watt). 

3. Black dam'tnar is derived from species of Canarinm. The 
Caiiarinm B.ve trees growing in India, the Malay Archipelago, and 
tropical Africa, with alternate imparipinnate ieaves and flowers 
forming clusters of axillary cymes. The corolla comprises three 
petals slightly coriaceous, much longer than the limbs of the calyx, 
with valvate or imbricate inflorescence. Of the six stamens com- 
prising the andrecium the three opposite the petals are the shortest. 
The anthers are iutrorse ; the fllarnents inserted at the base of a 
fleshy hypogynous disc are free or more or less adherent to the.disc. 
The ovary is trilocular, the style cylindroid, terminated by a head 
with three stigmatic lobes. Each dissepiment of the ovary contains 
two ovules. The fruit is drupaceous, trilocular, but one only of the 
dissepiments is fertile, with a seed hanging from a membraneous 
ligument. 

3a. Black Davimary Kula DammaVy Gmjuly Karapu Komjdiamy 
Karamjy Kunthrikamy Kimdrikamy Mamla Dhup, Raldhup, Thelli . — 
These are all native names given to the Canarium strictum, a tall tree 
of Western and Southern India, from the Konkan southwards, and is 
somew'hat common in the Tinevelly and Travancore districts. The 
trunk is straight, and is, when young, covered with a rust-coloured 
pubescence (J. Brown). According to Watt, when in young foliage 
it is almost crimson and is in consequence very conspicuous on the 
Ghats up to altitudes of 5000 feet (Watt). It grows up to an 
altitude of 1600 to 2000 feet (J. Brown). The coriaceous leaves 
consist of three to seven leaflets with short petioles with dentate 
edges or flnely serrate. It yields the resin known as the black dammar 
of Southern India. The native process of extraction is as follows : 
As the timber is worthless, to obtain the resin the tree is fired in 
the hot season by making a number of vertical incisions widening 
out uniformly in the bark in the lower part of the stem. Brushwood 
is tl\en piled round the base of the tree below the incisions to a 
height of 3 feet and then set fire to. The heat stimulates the flow 
of resin from the incisions. In about two years’ time the dammar is 
said to begin to exude from the stem and to continue to flow for 
ten years afterwards during the months of April to November. The 
resin as it flows from the incision is allow^ed to solidify on the spot. 
The annual yield of a tree is 66 to 68 lb. With the fire-heat method 
of extraction the tree is killed after ten to twelve years. The collec- 
tion is made in January and traded in all over South and Western^ 
India, but owing to its high price is not much exported. The supply 
comes chiefly from Travancore and the resin fetches aboht 3 
rupees for 18 lb. It is employed in the manufacture of bottling 
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wax or for varnish, and in medicine as a substitute for Burgundy 
pitch in the manufacture of plasters. Black dammar 
tree as shining black lumps, opaque when viewed by reflected 1 ght , 
but in the case of the pieces translucent and deep red by transmitt^ 
light. Its structure is homogeneous, its lustre vitreous. Like 
ordinary dammar it is freely soluble in spirits of tu^rpentine. It is 
insoluble in cold alcohol, but dissolves in hot alcohol J 
extent on the addition of camphor. It is soluble m “hloioform, 
very soluble in boiling toluene, wbicb is the best medium to obta n 
it in the pure state. The solution after filtration is evaporated on 
the watei-bath. The resinous mass in the bottom of the basin is 
limpid and deep vellow according to the colour of the crude 

36. Black- Dammar frcin Vaiiariitm Beneyaleme.—^n allied 
species, the C. Beneyalemfi, Roxb., grows in Sylhet. It is a tree with 
alternate leaves with sub-opposite leaflets (6-10 pairs), oval, oblong, 
Srceolatc, acuminate, entire ; the subulate stipules are covered 
with reddish down. The resin is pale amber coloured. 

According to Watt, C. Betiegaleme, Roxb., is Ihe neiebi of 
Sibsagar and Sylhet of which Roxburgh wrote ; “ 
wounL in the bark a large quantity of a very f"'® . 

coloured resin exudes which soon becomes hard 
is not unlike copal, yet the natives set no value on it . In ttie 
Ca^utta baxaar^t il only valued at 2 to 3 rupees lor ^ven 
maunds of 80 lb. weight each ! ” Most writers, concludes Watt, 
have repeated the above without either correcting **"P*'^y 
the information, so that it is not known whether or not the 

Brace (dhnna )luu takremj, etc.), a large tree of Assam the Kh^ia 
and Garo Hills. This is probably the chief source of the ( 
resin of Assam hitherto supposed to be C Beacg^nse GamWe 
savs it gives a resin which is used for torches. A small consign- 
niLt (13 lb.) received by the Indian Government reporter of economic 

Lchar, Assam, was reported on by the Imperial Institute. I‘ 
sisted of large flattened pieces, with small portions of 
E rl«r-Dull dark brown. Fracture-Glassy conchoidal. 
Sntiiiiity-Readily in turps, benzene, chloroform ’ 

partially in alcohol or ether. 'he rarin 

of concentrated sulphuric acid, added to “ 

in acetic anhydride, gave a ^ 

changed to niby-red. Melting-point, 125 0 Ash.0 78 i«i wnt. 
Saponification value, 9-43. Acid value, 815 . 

Remits show the resin is of dammar type, yet it 
from comhiercial black dammar stated to come ram C. 
esneciallv in its lower acid and saponification values. Samples 
; v‘.™»h.n..ken. t», .-»1. »d »i.h kta™ 
meroial experts for’ valuation. The foimer p 
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suitable for hard-drying varnish, for enamds, hut that colour would 
hamper sale, and unlikely that more than 18s. a cwt. would be got 
for it. Export trade in it from India would depend on whether 
above prices would be remunerative to Indian exporters and whether 
supply would be regular. 

3^/. Canarmm Sikkiviense (Gngal dhup, Nar-ok-pa). — A very tall 
tree of Nepal and Sikkim, the inner valleys of the Eastern Hima- 



Fio, 27. — Valeria Tndica. Flowering branch and fruit. 


layas, up to altitudes of 3000 feet. Yields a clear amber-coloured 
brittle resin which is burned as incense by the Lepchas. Dymook 
speaks of an amber-coloured resin, the incense (jokal dkup, and he 
thus doubtless meant this plant and not C. Denegalcnsc. ('. Sik- 
himeme is scarce of late, owing to the demand for tea-boxes. The 
timber does not warp but decays rapidly. 

4. White (Indian) Dammar or Piney Renin (Gum Piney). — This 
true resin of considerable value (Watt) is the product of the Valeria 
Indica, L. (Valeria Malabarioa, Blume), Nat. Ord. Diptcrocaiyca. It 
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is a large evergreen tree of the forests at the foot of the Western 
Ghats, from I^nara to Tr^vancore. ascending to 4000 feet. Often 
planted* as ah avenue tree. Its young branches and inflorescences 
are covered with a stillated down. The petiolated leaves are oblong, 
or elliptical, obtusely or slightly acuminated, rounded or emarginate 
at the base, and furnished with sharp lanceolated stipules. The 
inflorescences in loose corymbiform panicles carry pedicellated 
flowers. The calyx with lanceolated segments is obtuse, pubescent 
on both sides. The corolla is white with elliptical, oblong, or 
obtuse petals. The anthers are glabrous. The fruit is an oblong, 
obtuse, or slightly acuminated coriaceous trivalved capsule. 

The native synonyms of the resin are : safed damar, kahruba, 
sandras, ral, vellai-kunri-kam, painipishin, kungiliyam, piney maram, 
gugli, dupa maram, dhupada, payani, etc. 

Three varieties or forms of this resin are to be distinguished : 
compact piney, cellular piney, and dark-coloured piney. These 
names are sufficiently distinctive. But compact piney occurs in 
pieces of various size and shape and gradation of colour, and con- 
tains debris of bark. The surface colour shows all gradations from 
bright orange to dark yellow. It is a very hard resin, with a bright 
vitreous fracture, recalling amber. In the centre of the pieces the 
colour varies from pale green to pale yellow, green predominating 
in most samples. In the cellular form the fragments are brilliant 
and possess a balsamic odour. The resin exudes from incisions 
made on the tree. The resin is allowed to dry in aitUy or better, it 
is dried by fire. It is then pale green or pale transparent yellow. 
When not perfectly dry the product is dark green, opaque, and full 
of gaseous air-bells. It is possible, therefore, that the cellular 
structure is due to the action of the tire, which by rapidly volatiliz- 
ing the essential oil leaves a porous resinous residue. Piney resin 
exudes spontaneously from the trees, but, in that case, contains 
many foreign bodies. The most pure product, sold in the Indian 
bazaars, flows from oblique incisions described above. This resin 
is slightly soluble in alcohol, but it dissolves in chloroform, spirits 
of turpentine, and drying oils. The solution in spirits of turpentine 
is cloudy, but by filtering it through charcoal it becomes bright, 
colourless, and yields a very pure varnish. According to Cooke, 
piney resin is not exported and is unknown on the London market. 
It is only used in India. In the liquid state, before solidification, 
it constitutes the piney varnish of Malabar. As it burns without 
smoke, with a bright flame, exhaling a pleasant smell, it is used as 
an illuminant. It forms, in native industry, the basis of oil and 
spirit varnish. To prepare an oil varnish 1 part of the pulverized 
dammar is fused in a closed vessel. When quite fused 2 parts 
of boiling-hot linseed oil are run on to it and mixed with a wooden 
spatula. More linseed oil is added if the varnish is too thick. As 
to the preparation of spirit varnish, as piney resin is not soluble in 
that vehicle, Wight advises the addition of 1 part of camphor to 
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6 parts of resin to facilitate solution. But it is advisable before 
using such a varnish to evaporate the excess of camphor, lest it 
form a whitish coat on drying. 

5. Boch Dammar is the product of two species of Hopea, the 
Hopea odorata of Rangoon and the Hopea mkrantha of Sumatra. The 
resiniferous species of the genus Hopea are distributed over India^ 
Burma, Indo-China, and the Malay Archipelago. (1) Hopea odorata, 
Roxb. {H. Faginea, Hort ; H. decandra, Buck ; H. Wightiana, Miq. ; 
H. sangaU Korth ; Doom odorata, Burch. Burmese : Thungan-tsi, 
Annamite : Saoden, Kmer : Co Ky), large trees, the young branches 
and petioles of which are pubescent. Leaves oval or oblong, 
lanceolate, obtusely acuminate, furnished with twelve pairs of veins, 
sometimes glandular. The flowers with short pedicels in bunches, 
shorter or the same length as the leaves. The exterior sepals are 
velvety on both faces, the interior sepals glabrous within. The 
stamens bear oval anthers surmounted by a long subulate connec- 
tive. The fruit is enveloped by portions of the calyx, of which two 
form oblong linear wings. The species inhabit Burma, Pegu, Ran- 
goon, Martaban, Tenasserim, all equatorial India, Indo-China, and 
the Isle of Borneo. The odorata resin comes to market in straw- 
coloured hard nodules, about the size of walnuts, with a lustrous 
resinous fracture and altogether very much like ordinary Last India 
dammar, equal to it in every respect, and even rather superior to it 
in point of hardness. It is soluble in spirits of turpentine and benzol, 
yielding a clear, bright, quick-drying uniform varnish. It is in- 
soluble in alcohol. (2J From the trunk and. branches of the Hopea 
micrantha, an allied species of the Malay Peninsula, Sumatra, and 
Borneo, a resin flows in large tears. This resin possibly forms a 
part of dammar Mata Kuching, said by Cooke to equal Manila 
and worth £2 the cwt, and scarcely differs from the above, but 
is rather darker in colour and not so brittle. It is paler in the 
interior. 

A sample of rock dammar was tested by the Imperial Institute 
for the Indian Government. Form — Large irregularly shaped tears. 
Colour — Yellow. Fracture — Brilliant irregular. Odour — Slight 
aromatic. Melting-point, 115’ C. Saponification value, 37T. Acid 
value, 31*5. Ester value, 5*6. Solubility — Completely in turps, 
partially in alcohol. As the different commercial dammars come 
from diverse plants they vary somewhat in composition and 
properties, so data from typical varieties cannot be quoted for 
comparison. Dammars are, as a rule, hard, with brilliant fracture, 
partially soluble in alcohol and completely so in turps. Their acid, 
values vary — 21-34*2 for “ Sumatra ” to 73 for black dammar. 
The results of the H. odorata resin show it to be a better class 
dammar. Varnish-makers valued it as second grade, and as fit for 
crystal or paper varnishes used for indoor work. Value, 458. per 
0^. Demand not great, as varnish not durable enough for outdoor 
work. But if procurable fossilized the resin would possibly equal 
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Manila copal, and if the price for fossilized were less, demand w^ould 
be unlimited. 

(3) Hopea Ferrea^ Pierre. Annamite ; Sang da. — A tree of 65 
to 100 feet, entirely glabrous with attenuated branches. Leaves 
petiolated, oval, acuminate, rounded, scarcely oblique, at the base 
obtuse. Coriaceous with ten pair of small ribs connected by 
tertiary transversal parallel nervation. The flowers form axillary 
or terminal clusters longer than the leaves. The fruit is cylindrical, 
entirely free, with linear calicinary lobes, oblong, rounded at the 
summit, very attenuated at the base, and furnished with seven 
parallel veins. This species inhabits lower Cochin-China, also the 
mountains of Dinh, near to Baria, Camchay, near to Kamphut, and 
the Isle of Phu Quoe. It yields a very fine and select odorous 
resin in small yellowfish tears. 

(4) Hopea Menifarawan, Miq. — The tree yielding this resin is 
known in the Dutch East Indies under the name of Mengarawan. 
It exudes a white resin highly esteemed for the brilliant varnish 
made from it. It is a large tree abundant in the low-lying districts 
of Palembang, Lampong, and Bangka. (See No. 8, pp. 208-9.) 

TABLE lAT.— RESLNIFEROUS SHOllEA OF FRENCH COCHIN-CHINA, 


Botanical Desif^nation. 

8 ho re a Jfypo- 
chra, Hance. 


Sliore-<t ('am- 
bodin, Fievre. 


Shoreu Thorclli, 
Pierre. 


Shored Obiusa, 
Wall. S. leucobo- 
trua, Miq. 

Ohtusa, Steud. 


Native Desif^natiun. 

Annamite : — 
Viii Vxn Nghe. 
Vin Vin Xanh. 

Kiner : — 

/) 0 in c h h o c u 
jjJidiec croimn. 

Annamite : — 
Sen Chnchai. 

Kiner : — 
JCtinonor fCtivi. 


Annamite ; — 
KncJuic. 

Kmer : — 

Doni chltoen I‘he- 
hoc. 


Halntat. 

Isle of Phu Quoe 
and the province 
of Kamphut. 

Mountains and 
coast of Kamphut 
and chiefly the base 
of Tailing. 

All the provinces 
of Cambodia and 
lower Cochin- 
China, chiefly the 
m 0 u n t a i n B of 
Pusath Camchay 
and the forestB 
near the river of 
Saigon and Dong- 
nai. 

Grows through- 
out all Indo-China 
from Burma to 
Hinh-tuan. It is 
common »n Cam- 
bodia on gravel 
soils and on all the 
mountains and in 
lower Cochin- 
China from the 
left bank of the 
Mekong as far a^ 
Songbe. 


Remarks. 


YieldB an abund- 
ant flow of amber- 
coloured resin, 
which is exported. 

Amber - coloured 
somewhat odorous 
resin esteemed for 
exportation. 

Yields a large 
quantity of ex- 
cellent resin. 


The very abund- 
ant white redn is 
used in making 
torches and is ex- 
ported into China. 
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, > Chai Pitch. — All-the above species of Shorea are used in making 
tne nli;tive chai -pitch. This resin is in fact called Chai in Annamite 
and Tior Tiong in Cambodian. It is doubtless chiefly obtained 
from S. Thorelli and S. obiusa which are the most widely distributed 
species (Pierre). It is collected abundantly in the district of Tay- 
ninh. Chai pitch is insoluble in alcohol, ether, spirits of turpentine, 
and benzene, but it is soluble in toluene and dissolves completely 
in chloroform. To get the pure resin chloroform is therefore the 
best solvent. The solution is filtered and evaporated. The residue 
on the filter is almost nil. After evaporation on the water-bath it 
remains on the bottom of the dish as a slightly reddish pale yellow 
resin which dries slowly. The following are further particulars in 
regard to this resin ; It exudes naturally from the tree after the 
fine punctures made by insects. It solidifies in large tears or flows 
to the foot of the tree, where the natives have only got the trouble 
to come and collect it when it is dry. It is brittle, splintery, and 
has some analogy with pine resin. After pulverization wood oil 
(dad con rai) is added to it, and oakum and the mixture kneaded so 
as to give it suppleness and the desired consistency. In this way 
the Annamites and the Chinese use chai resin for caulking ships 
and junks. They also use it for torches and flambeaux. A brisk 
trade is done in this resin, which is sold at the rate of 3 piastres 
the picul of 60 kilogrammes. The trading ships of the Tayninh 
district annually export a large quantity. This product is so 
esteemed that the Chinese of Cholon and Western districts come to 
supply their wants on the spot of production. Sometimes it affords 
a means of speculation on the x)artof the Annamite merchants of the 
town, who corner all the production and sell it at a high price to 
the Chinese buyers. This is a resin of which a plentiful supply 
could be got if the method of working were more methodical and 
if the natives pushed their efforts further than the mere collection 
of the spontaneously exuded resin. Moreover, it is a really 
valuable substance, which might be the medium of much more 
extensive commercial transactions and find its use in European 
industry. 

Nine samples of dammar resin from the Federated Malay States 
have been examined. These were as follows : (1) Dammar Penak, 
No. 1 quality, from Dalanocarjnis {Maximus or Wrayi) ; (2) Dammar 
Kumus from a species of Shorea, probably S. glauca ; (3) Dammar 
Mata Kuching from Port Dickson ; (4) Dammar Soongyi ; (5) 
Dammar Meranti, a mixed material obtained from various species 
of Shorea; (6) Dammar Mata Kuching from Jempol ; (7) Dammar 
Bengkong (?) ; (8) Dammar Merawan ; (9) Dammar Strayah. 

These dammars were all completely soluble in turpentine, and 
partially soluble in alcohol. The figures obtained on analysis 
varied somewhat, and were as follows : — 
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TABLE LVII.-SHOWING THE CHEMICAL AND PHYSICAL PROPERTIES 
(CONSTANTS) OF NINE DIFFERENT VARIETIES OF DAMMAR. 



No. 1. 

No. 2. 

No. S. 

No. 4. 

No. 6. 



Melting-point . 

C. 

94° C. 

87° C. 

180° C. 

186° C. 

Ash per cent 

0-26 

0-08 

0-05 

0-52 

0-03 

Sap. number . 

46-7 

720 

38-5 

34-3 

72-0 

Acid „ 

45*3 

720 

38*5 

33-0 

72-0 

Ester ,, 

1*4 

— 

— 

1-3 



No. (i. 

No. 7. 

No. 8. 

No. 9. 


Melting-point . 

92° C. 

200° C. 

97° C. 

190° C. 


Ash per cent . 

O-Oli 

004 

0*?5 

0-09 


Sap. number . 

33 0 

46-7 

38s5 

5.50 


Acid „ 

33-0 

46*5 

38*0 

550 


Ester „ 


0-2 





From the above descriptions of the different varieties of 
dammar it will be readily seen that dammar is a generic term, 
not a specific one. Stewart in his method of detecting dammar 
in kauri has forgotten this point. He has tried to show that 
w'hen absolute alcohol is added to an ethereal or chloroform solu- 
tion of dammar, a white precipitate is formed, while a solution 
of kauri remains quite clear just as if there was only one kauri and 
one dammar, and the solubility of both dammar and kauri w^as 
like the law of the Medes and Persians which altereth not. This 
he used as a rough quantitative test : 0*5 gramme of the powdered 
resin is treated with chloroform and filtered into a test tube, wash- 
ing the residue once ; to the solution absolute alcohol is added, 
which produces, he assorts, a white cloudiness or precipitate if 
dammar is present. By comparing the result with mixtures of 
known composition a fair approximation to the amount of dammar 
can, he claims, be obtained. 

Quantitative method : 2.^ grammes of the sample are weighed in 
a tared ribbed filter. The 'filter is then tied at the open end and 
extracted in a Soxhlet tube with absolute alcohol. The remainder 
of the Soxhlet tube is filled with small glass balls to allow of the 
minimum quantity of solvent being used. The solution may be 
collected in a weighed flask, and the alcohol distilled off; but as 
there is a loss of volatile matter from the resin during drying, it is 
better to dry and weigh the residue on the filter, the difference 
being the soluble resin. With a pure kauri resin the amount of 
residue left on the filter paper is very small, and consists of frag- 
ments of vegetable and mineral matter. With dammar resin, in 
addition to vegetable and mineral matter, there is a considerable 
proportion of white organic particles insoluble in the alcohol. The 
amount of this substance is estimated by extracting again in the 

14 
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Soxhlet tube, using chloroform as the solvent, and the extract 
being collected in a weighed flask, the solvent is distilled off, a 
little alcohol is added to facilitate evaporation and the residue is 
dried at 100® C. and weighed. 

As the amount of insoluble matter in dammar may be variable 
in' the case of adulterated samples, portions supposed to be dammar 
were picked out, tested with chloroform and alcohol to verify them, 
and when enough had been obtained they were examined in the 
same way as the suspected sample. The following results are given 
in the paper : — 

TABLE LVIIL— SHOWING SOLUBILITY OF KAURI AND DAMMAR IN 
ABSOLUTE ALCOHOL AND IN CHLOROFORM. 


1 

Ill 

PI 

Insoluble in 
Abtiolnte Alcohol. 
Soluble in 
Chloroform. 

. 

® 1 
oj 

11 

II 

|,|i 

1. Kauri 

91 -so 

none 

3-28 

5-16 


2. Dammar .... 

.58-28 

36-40 

3-24 

2-08 



3 ( Kauri (I) 80 per cent \ 

' 1 Dammar (2) 20 per cent / * 

85-82 

7-30 ! 

2-38 

4-.50 

20*05 

4. Sample K . . . . 

81-lG 

13-88 

1-48 

3-48 

28-16 

5. Dammar from 4 . . i 

1 .50-22 

49-2'< 

0-38 

0-12 

1 — 

6. Sample 0, . . . • 

81-72 

9-72 

2-70 

5*86 

1 20*23 

7. Dammar from 0 . 

.50-95 

48-0.5 

0-70 

0-80 

i — 

8. Sample G, . 

81-00 

10-80 

2-84 

5-36 

i 21*60 

9. „ G, , . . . 

81-72 

8-80 

2-68 

6-80 

1 17*60 

10. „ F, . . . . 

82-20 

4-52 

3-68 

1 9-60 

1 9*04 

11. „ F, . . . 

85-08 

4'80 

4-48 

; 5-64 

I 9*60 

12. „ «runs . . . i 

i 81-04 

0-48 

9-28 

' 9-20 

0*96 

18. „ G 

I 89-84 

1-60 

3-12 

5-44 

3*20 

14. F, . . . . ; 

86-00 

7-84 

2-68 

; 3-48 

20*38 

15. Dammar from 14 . . 1 

! 

1 61-24 

1 

38-56 

0-08 

i 0-12' 




The quantities of dammar in Nos. 8, 9, 10, 11, 12, and 13, were 
calculated on the assumption that dammar yields 50 per cent of 
the white insoluble matter. Stewart's logic is faulty. He seems to 
reason thus : One sample of kauri gave certain results, ergo all 
samples of kauri will give identical results, and the same as regards 
daihmar. It is very evident from the ash that Stewart wrought 
not upon sophisticated kauri, but on say sandy sweepings from a 
gum warehouse or the hold of a ship, where different resins and 
Afferent grades of the same resin had got intermingled and the 
mixtures were so poor that they were not worth garbling. 
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TABLE lilX.— SOjyJBILITY OF DIFFERENT GRADES OF KAURI IN 
CHEOROFORM AND ALCOriOL (PARRY). 



White Kauri. 

Brown Kauri. 

Pale “ Bush ” Kauri. 

Dark Bush "Kauri. 


Soluble in 
Absolute Alnobol. 
Per cLut. 

Soluble in 
Chloroform. 

Per cent. 

Soluble in 
Absolute Alcohol. 
Per cent. 

Soluble in 
Chloroform. 

Per cent. 

Soluiile in 
Absolute Al cohol. 
Per .ut. 

Soluble in 
Chloroform. 
Percent. 

Soluble in 
Absolute Alcohol. 
Per cent. 

Soluble in 
Chloroform. 
Percent. 

( 1 ) 

920 

45-0 

68-6 

40-0 

95*2 

60*0 

84-0 

46-0 

( 2 ) 

93-5 

44-4 

74-2 

42-3 

93*1 

49-9 

83*7 

44-6 

(8) 

91-0 

40*8 

66*3 

39*2 

92-0 

63-4 

79*5 

41-9 

( 4 ) 

94-3 

43-5 

67-5 

38*7 

93-2 

47-7 

82-6 

43*5 

( 6 ) 

920 

44-0 

68-2 

40-0 

— , 

— 

— , 

— 

(6) 

► 9-9 

47-2 

61-9 

39*6 

— 

— 

— 



N.B . — Compare above positive (solubility) figures with Coffig- 
nier’s negative insolubility ones. 

But both Stewart and Parry overlook the fact that most, if not 
all, dammars are soluble in turps whilst all grades of kauri leave 
a residue of about 25 per cent. Surely the most simple plan would 
be, therefore, to take the insoluble in turps as the basis in which to 
calculate the amount of dammar present, that is, if solubility lent 
itself at all to such determinations. It seems so difficult for some 
to realize that the solubility o^ a resin in any given solvent is not as 
definite and absolutely fixed a factor as the solubility of pure crystal* 
lized cane sugar in water. 




CHAPTER XVI. 

DRAGON’S BLOOD, ELEMI, GAMBOGE. GUR.IUN BAFiSAM, JAVA COPAL, 
GRASS-TREE “ GUM 

Dragons Blood . — A large number of substances, quite different 
from one another in composition and properties, and which have 
no common properties except their red colour, have been errone- 
ously classified as dragon’s blood. In fact, some tan no-gums and 
kinos have been regarded as dragon’s blood. The true dragon’s 
blood is the product of the Calamus dracoy Wild {Deemonorops dracOy 
Blume), a Malay palm allied to the rattan with a stem bristling 
w’ith sharp spines. This climbing stem may rise to a considerable 
height. It is not cultivated, and only the trees growing wild in the 
forest are exploited. The resin exudes from the fruits. The C. draco 
bears a great number of rounded fruits of the size of a cherry, the 
surface of which is covered with smooth imbi icated scales. The 
latter on maturity are enveloped in a layer of friable red resin. The 
fruits are then collected, beaten in sacks to detach the resin, which 
is sifted to separate the fallen scales. It is beaten in boiling water 
and kneaded into balls (dragon's blood olives) or in long thin 
cylinders (dragon’s blood in sticks). These are the most esteemed. 
The fruits which have been used in the preceding operation are 
crushed and boiled in water ; the resin which they contain floats to 
the top. It is separated and made into cakes (dragon’s blood in 
cakes). The ligneous residue which has been boiled is kneaded into 
balls and sold as common or lump dragon’s blood. Contrary to 
what one might believe, it still contains a comparatively high propor- 
tion of resin. Good-dragon’s blopd is dark red, opaque, and friable. 
Its fracture is red and brilliant. Its odour and taste are scarcely 
appreciable. Its powder is red vermilion and slightly soils paper. 
Insoluble in water, it is almost completely soluble in alcohol, 
benzene, chloroform, carbon disulphide. The residue left on the 
filter consists solely of woody impurities, always present in the 
crude product. The natural resin of C. draco contains benzoic 
acid. Herberg described its composition in the “ Journal do 
Pharmacie,” XVII, 1831, p. 225. 


Amorphous resin and acid i)0'70 

Fatty matter soluble in ether I*h0 

Phosphate and oxalate of lime .... 3*70 

Benzoic acid 3*00 

( 212 ) 
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Several Dracana secrete from their trunk a brown-red resin 
which is not utilized. The Draccena are arborescent, liliacesB, 
widely distributed in hot countries and in the South of Europe. 
Some species furnish a notable amount of this reddish juice, which 
concretes in the open air, e.g. D. draco and D. Australis. The last 
species was examined by Cordemoy. It is dark brown, irregular 
pieces, friable, with a somewhat shining fracture. Its powder is 
reddish-brown. It only dissolves partially in absolute alcohol and 
in ether, but its solubility in ether is greater than in alcohol. The 
alcoholic solution is bright red, the ethereal solution is dark red. 
The filtered liquors evaporated on the water-bath leave a pasty 
substance at the bottom of the dish, black, seen in the mass and 
which solidifies rapidly. But in a thin layer this resin so purified 
furnishes a brilliant mahogany varnish. Logander gives the 
following information regarding different varieties of dragon’s 
blood : (1) Soluble in benzol and carbon disulphide. Dragon’s 
blood of D(emunorops draco, Melting-point, 80°-120° C. 

Contains pure resin 82 per cent ; benzoic acid 3 per cent ; cin- 
namic acid, mineral matter 6 per cent. Dry Distillation Products. 
— Toluene, styrol, benzoic acid. Oxidation Product toith KOH. — 
Phloroglucin, p-oxyhenzoic acid, protocatechuic acid, benzoic 
acid, acetic acid, acetone, oxalic acid. Beduction by Zinc Dust. 
— Toluene, styrol, ethyl benzol, CiiHjj.O, Ci,^H.2,P3. (2) 

Insoluble in benzene and carbon disulphide. Dragon’s blood of 
Dracana cinnabri, Melting-point, 80. Contains pure 

resin 85*35 per cent ; gum 0*7 per cent ; carbon disulphide ex- 
tract 0*48 ; plant debris 12 per cent ; mineral matter 3*5 per cent. 
Products of Dry Distillation. — Cresol, guaiacol, pyrocatechin. Pro- 
ducts of Oxidation with KOH. — Kesorcin, phloroglucin, pyroca- 
techin, benzoic acid, acetic acid. Oxidation with Caustic Soda . — 
Pyrocatechin and phloroglucin. Treatment with HNO3. — Picric 
acid, nitro-benzoic acid. (3) Dragon’s blood from Drac(6na draco, 
Ci„Hi 4 j 04. Melting-point, 60'’ C, (4) Dragon’s blood from Dracosna 
Schizantha. Melting-point, 70° C. 

Palm Dragon Blood. Method of Analysis. — The dragon’s blood 
is dissolved in ether which leaves 18*4 per cent of plant residue ; 
a brown body 0*33 per cent is extracted from the plant residue by 
alcohol. By running the ethereal solution into alcohol, 2*5 per 
cent of a substance, draco alban, is thrown out. By evaporating 
the ether alcohol and extracting the solid residue with petroleum 
ether, a rosin-like mass is obtained forming 13*58 per cent of the 
resin with the properties of a resene, draco resene. There remains 
from this treatment a reddish-coloured body with the composition 
of a resin or resin ester, vi:^. draco resin, 58*86. 
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TABLE LX.— COMPOSITION OF PALM DRAGON’S BLOOD. 


Per cent. 

Draco alban C^H^O^ 2-5 

Draco resene CanH 4403 13 ‘58 

Draco resinotannot benzoate CgHjCOOC^H^O . . 'j 

Draco resinotannol benzoylacetate CjjHjCOCHjCOOCgHpO j- . 56*89 

B-Draoo resinotannol monacrylate . . . . j 

Phloba phene 0*03 

Vegetable residue 18*40 

Ash .... ■ 8*3 


Elemi licsins . — The name “ elemi resin is applied to the 



Fio. 2H.—Dacroyde8 Tlexandra gri»eh Bursera Acvniinatn Willd, BUIacia 
Occidentalis HBn. One of the sources of rcsina gommort. s, cork ; d, tibrous cells 
solated or in small groups throughout the bark ; ec, bark ; /, pericyclic fibres in a 
lontinuous layer protecting exteriorly the premier secreting vessels of the liber; 

secreting vessels developed in the liberian layer and forming four ooncentrio 
owg. The row nearest the outside consisting of the widest vessels belongs to the 
»rimaty liber, all the others to the secondary liber ; /, the newly formed secondary 
iber, where no differentiated secreting vessel is to be observed ; n, the layer of 
lattened liberian elements ; b, wood ; 6, libero ligneous generating layer. 

•esins of the AmyridecB (Bur8erace(ii)t all of them products more or 
ess rich in ethereal oils. According to their consistency they are 
liyided into balsams and resins^ the former greenish, the latter 
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yellow to white in colour ; initially, they resemble turpentine, but 
gradually part with their ethereal oil and become solid. 



Fio. 21 ). — Vrotinm (tuiani>9isc, L. March. 1, branch and inflorescence after 
nature, 2, 3, 4, after Rngler ; 2, flower; 3, longitudinal section; 4, fruit. 

The following furnish elemi resins : Idea icicariba, DC., in 
Brazil (Bio elemi) ; Amyris Pliimsni, DC., in Yucatan and Mexico ; 
Icioa viridiflora, in Guyana (Guiana elemi) ; certain species of Burser^ 
aceat not clearly defined, in Gaboon (Ecume elemi) ; Bursera 
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gtmmifera, L., in Martinique and Guadeloupe (Gommart resin) ; 
Canarium conimmie, L., throughout the .entire Indian peninsula 
and Malabar (Junglee-baddam resin) ; Ailanthm Malaharica, DC., 
in Travancore and Malabar (Mutti-pal resin) ; Cassia auriculata, L., 
throughout India (the resin is known as Thengatee, Tanggayree, 
Turwer, and Averie resin). Similar resins are known in India as 
Kunnee, dammar Keye, Gutta Burghas, and Mai Shaksi, but the 
plants from whence they are derived have not been identified. 
Solid elemis are rich in crystallizable matters, only small quantities 
of which occur in the balsams, the proportion increasing as the 
solidification of the Bimeraccce resins progresses. Even when 
present in considerable amount, the microscope fails to detect 
crystalline bodies, because the crystals and surrounding matrix 
exhibit the same coefficient of refraction, so no optical differentia- 
tion is possible. But by treating a sample of elemi resin with 
alcohol on a microscope slide, the amorphous matrix is dissolved 
and leaves behind a multitude of acicular or prismatic crystals. 
Tho crystals of elemi resin can he detected without any preliminary 
treatment by the polariscope. All solid elemis are very soft, being 
inferior in hardness to ordinary rosin, and can he shaved with a 
knife, like soap-stone, a peculiarity they share with no other resin. 
The odour is always similar to turpentine, and recalls aniseed, 
caraway, fennel, or dill seed, according to the kind of resin. The 
taste is aromatic, bitter, and somewhat carminative. The specific 
gravity of elemi is 1018 Brisson, 1*083 Pfiff. These differences are 
not entirely due to variations in the kind of resin, but also to 
differences in the degree of solidification. Schroeder gives the 
softening temperature of elemi as O'" C., and the melting-point as 
120*^ C. The amorphous portion is .soluble in cold alcohol, the 
crystallizable being dissolved only in boiling alcohol. Johnstone 
gives the formula of the amorphous as 64 ,^ 11 ,^ 04 , and Rose that of 
the crystalline as C 4 qH,;,jO. All the elemi resins also contain a 
larger or smaller proportion of an oil isomeric with turpentine oil 
(CjyHi,.), the quantity ranging from 3*5 per cent (Stenhouse) to 
13 per cent (Deville), according to the degree of solidification. 
The above data show that the external and internal properties of 
elemi resins agree pretty closely, even in very different varieties. 
Whether the chemical behaviour similarly agrees has not been de- 
termined. From analysis of Cayenne elemi and Manila elemi by 
Scribe and Baup, the chemical bodies found therein (e.g. breane, 
icioane, breine, etc.) do not agree with those discovered by John- 
stone and Bose. 

Some commercial varieties come from South .Vmerica, others 
from Africa and India, only the two first, however, being important, 
as so-called Indian elemi does not come from the East Indies. 

Manila Elemi is a product of a Canarium indigenous to the 
Philippine Isles, especially Luzon, known under the name of the 
bread tree, Ccmaritm luzonicum. It is met with in soft mass of a 
jpranular structure containing disseminated crystals. The colour 
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varies from greenish-white to yellow. It often contains impurities. 
Its odour is pleasant, recalling that of fennel or of essence of lemon 
and turpentine. It is exported to this country from Manila. It is 
only slightly soluble in cold alcohol though dissolving readily when 
melted, subsequently depositing crystals. 

A. M. Clover has examined Manila elemi from Canarkm 
luzimicum. Twenty-one samples were separately examined. On 
distilling under 10 to 15 mm. ten of the samples yielded pure 
d-limonene, and nine varying quantities of phellandrene. Pinene was 
not identified in any sample, but 1-limonene, and probably another 
similar terpene, were present in some. Two samples yielded 
terpenes with no rotation, which were found to be terpinene and 
terpinolene. When freshly distilled the terpinolene is practically 
pure, but on standing or when heated it gradually changes into 
dipentene, a small quantity of d-phellandrene, and an unknown 
le VO- rotatory terpene. 

It is only slightly soluble in cold alcohol, though dissolving 
readily when melted, and subsequently depositing crystals. This 
resin is about five times as dear as it was a few years ago, and 
consequently its employment is restricted. It is used in medicine 
as an ingredient of salves and plasters, to impart elasticity to 
spirit varnishes, and for the same purpose in hat-making ; also in 
the preparation of bronze tinctures. Spirit varnishes prepared with 
elemi have the advantage over those containing turpentine that 
they are less liable to crack owing to the fact that elemi requires 
a much longer time to set thoroughly hard. 

Elemi from Camriimi luz(ynicum(Canarinm commune [.^]). — Quite 
liquid when fresh with from 25 to 30 per cent of volatile oil, com- 
posed of hydrocarbons chiefly of phellandrene. On standing it 
gradually solidifies to a soft resinous product. The non-volatile 
portion consists principally of a and /? amyrin. Oleo-resins re- 
sembling elemi have occasionally been received from Liberia, 
Kamerun, Southern Nigeria, and other -places on the West Coast of 
Africa, hut the botanical sources are not known. Two samples of 
Nigerian elemi received from Alexander Brothers of Liverpool, 
were examined at the laboratories of the Imperial Institute. No. 1 
sample was white or pale yellow, with patches of brown ; contained 
much vegetable debris and was sufficiently hard to retain its shape 
when cut. No. 2 sample was yellowish-green, of firm consistency, 
and contained a little woody tissue. A sample of Uganda elemi 
from Canarium Schtueinfurlhi was also examined. This varied in 
colour from white to pale yellow, but was dirty looking and con- 
tained much woody fibre. 

TABLE li.XI.- CONSTANTS OF AFRICAN ELEMI. 

Ni^rian 
Klemi. 

1 , 2 . 

Aah .... 0’6 0'A8 

Acid number , . . !ih''6 37*8 . 

Saponification number . 71*9 46*2 
Volatile oil, per cent . 8*1 4*4 



0*8 

29*4 \ On picked 
44*8 f clean portion 
11*2 
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These oleo-resins were praotioaily entirely dissolved by benzene* 
turpentine, and alcohol, but only sparingly by cold alcohol, The 
volatile oils separated by steam distillation had the following 
relative characteristics : — 

Manila W. African Uganda 

Elemi. Eleiiii. Eleml. 


Colour. 


Colourless or Pale Straw- Pale Straw- 
Pale Yellow. Yellow. Yellow. 


Specific gravity at 15° G . 
Rotation in 100 mm. tube 


0-87-0-91 0-8680 0-8451 

-h 44° 3 + 50° 30 -i- 79° 20 


Elemi is used in printing-ink manufacture and occasionally in 
varnishes, but there is no great demand for it, the supply from the 
Philippines being quite sufficient for all purposes. The price is from 
50s. to 708. per cwt. 


TABLE LXII.— SOLUBILITY OF DIFFERENT BRANDS OF ELEMI IN 
VARIOUS SOLVENfS (DIETERICH). 



Soft Man- 
ila Elemi. 

Hard 

Manila 

Qeini. 

Yucatan 

Elemi. 

Vera Cruz 
Elemi. 

African 

Elemi. 

Protium 

Allmesaega 

Elemi. 

Water 

i. 

i. 


1. 

i. 

i. 

Alcohol, 96 per cent . 

a.t.c.6. 

a.o.s. 

a.c.8. 

p.t.a.c.B. 

a.c.s. 

a.t.c.8. 

Etha 

C.8. 

p.8. 

a.o.s. 

C.B. 

a.c.B. 

O.B. 

Acetic ether 

a.t.c.8. 

a.t. 0 . 8 . 

C.8. 

p.t.a.c.B. 

sl.t.a.c.s. 

p.t.a.c.8. 

Petroleum ether 

8p.S. 

sp.s. 

sl.B. 

i.t.v.sl.8. 

sl.B. 

8.tl.p.S. 

Turps 

p.t.a. 0 . 8 . 

p.8. 

a.c.8. 

Blt.p.S. 

a.c.s. 

p.8. 

Benkine . 

p.t.a.c.8. 

p.8. 

Bl.ta.c.s. 

i.t.v.8l.s. 

bLb. 

v.sl.s. 

Benaol 

0.8. 

a.c.8. 

C.8. 

a.c.s. 

a.c.s. 

a.c.B. 

Carbon disnlphide 

0.8. 

p.t.a.c.8. 

C.8. 

a. 0 . 8 . 

p.t.a.c.s. 

a.c.B. 

Chloroform 

C.8. 

a.c.8. 

C.S. 

a.c.8. 

a.c.8. 

c.8. 

Acetone 

p.t.0.8. 

p.8. 

C.8. 

p.t.a.c.8. 

Bl.t.p.B. 

p.t.C.8. 

Methyl alcohol . 

Bp.t.C.8. 

a.c.8. 1 

1 p.t.C.8. 1 

Sp.B. 

Bl.t.p.B. 

p.8. 

Amyl „ 

C-.8- 

p.t.a.o.s. 

a. 0 . 8 . 

a.c.B. 

— 

— 

Acetic anhydride 

j V.81.8. 

p,8. 

1 p.t.C.8. 1 

sl.t.p.s. j 

p.t.a.c.s. 

p.t.a.c.B. 

Methycal . 

Chloral hydrate, 60 

1 V,8l.8. 

1 

p.s. 

a.c.8. 1 

Bl.t.p.8. ' 

p.t.a.c.s. 

8l.t.p.B. 

per cent 

Chloral hydrate, 80 

! 8p.8. 

p.8. 

1 im.8. 

Bl.t.p.H. 

! sl.B. 1 

p.8. 

per cent . i 

p.t.0.8. 

p.8. 

im.B. 

p.8. 

p.s. 

m.s. 

Acetic acid 

p.t.C.B. 

Bp.S. 

p.B. 

p.B. 

sl.B. 

p.t.a.o.B. 

Hydrochloric acid 

8.8.(rose) 

a.i. 

a.i. 

p.8. 

a.i. 

Smj^urio acid . 

a.0.6. 

red 

brown 

a. 0 . 8 . 

red 

brown 

c.8. 

dark red 

a.c.B. 

H.0.8. 

a.o.s. 

Ammonia . 

i. 

sl.B. 

i. 

bI.8. 

sl.s. 

b1.8. 

Cauetic potash . 

i. 

b1.s. 

i. 

bI.6. 

sl.H. 

sl.s. 


a. 

almoHt. 

ep.B. 

sparingly soluble. 

0. 

completely. 

p.t.a. 0 . 8 . 

partly to almost completely soluble. 

L 

insoluble. 

0 . 8 . 

oompietely soluble. 

m. 

mostly. 

p.t.C.8. 

partly to oompietely uoluble. 

P- 

A 

partly. 

soluble. 

8p.t.0.8. 

v.81.8. 

sparingly to completely soluble, 
very slightly soluble. 

•L 

slightly. 

a.c.8. 

almost oompietely soluble. 

•p. 

sparingly. 

p.8. 

partly soluble. 

t 

to. 

8l.8. 

slightly soluble. 

r. 

a.t.c,f. 

very. 

almost to completely soluble. 

im.8. 

sl.t.a.c.B, 

imperteotly soluble. 

slightly to almost oompietely somhie* 

OJ, 

oompietely sofoble. 

m.«. 

mostly solable. 
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Gamboge^ Fr. Gonme Gutte . — This yellow gum resin is produced 
by several species of guttiferae of the genus Garcinia^ a genus 
comprising numerous species of tropical evergreen trees. This 
species are Asiatic, being more particularly native to Indo-China, 
Siam, India, Ceylon. In the British Indies none of the species 
extend to Punjab, or the United Provinces, and few even to the N.E. 
Himalayas. Most of the thirty-six species contain a yellow juice 
which mostly yield, in the various grades of gamboge produced there- 
from, a more or less useful water-colour pigment. They are trees 
with opposite leaves, rarely verticillate in threes. The diaceous 
flowers spring from the axis of the leaves ; they are fasciculated ; the 
female flowers often solitary. The sepals most frequently are un- 
equal, longer, shorter, or the same length as the petals. The and- 
rcecium is characterized by anthers more or less exactly confluent top 
and bottom, consequently forming an annular loculus. These loculi 
are partitioned transversely into dissepiments. The dehisence of 
• these anthers is similar to that of the pyxides (many-seeded fruits), 
the upper part of which falls off like a lid by circumscissile dehis- 
ence as in pitiipereue and henbane. The ovary most frequently 
has four dissepiments, and the stigma has four lobes arranged like 
the branches of a maltese cross. 

The Garcinia, with which we are concerned, have two floral 
characteristics in common. The receptacle is more or less convex 
and the filamentous stamens are very short. 

Indian gamboge is the gum resin secreted by the Garcinia 
Morelia^ an evergreen tree of the forests of the Khasia hills, Eastern 
Bengal, the West Coast, and Ceylon. The gamboge of European 
commerce comes from Siam and is obtained from Garcinia Hanburyii 
(Hook). This tree grows not only in Siam but in Cambodia and in 
all Indo-China. In Siamese it is lioeng ; in Annamite Vangnhm ; 
in Kmer Dom rond ; in Chinese Hoamdo. Gamboge has been 
known from ancient times. Clusius was the first European writer 
to mention it, in 160«5. But Chinese books refer to it in the thir- 
teenth century. The gum resin is not collected to any extent in 
India, that country receiving its main supply from Siam. The 
trees are ten years old before spiral tapping, which is done during 
the rainy season (June to October), when sap is vigorous. The 
spiral is cut round the trunk 10 feet from base. The resin 
trickles down into hollow bamboos at the foot of the tree. From 
these it is decanted into smaller bamboos and left a month or so to 
solidify. The bamboo joints placed over a hot fire crack and a 
round stick of gamboge is obtained from each, the roll or pipe 
gamboge of commerce. This method is not, it seems, used in India, 
where only small cuts are made and the resin collected in tears. 
In Ceylon cake and granular gamboge are obtained by cutting here 
and there a thin slice off the bark and scraping off the resins which 
collect, but both are less pure than Siam pipe. The best samples 
of pipe flamboge are of a rich orange-yellow colour, slightly incliped 
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to fawn ; it becomes a brilliant pale yellow when rubbed with the 
moistened finger. It is dense and brittle like glass. Its fracture 



Fig. 30 . — Garcinia Morelia. 
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Fig. 31. — Pipo Gamboge. 

[Photo taken by Mr. Chas. Harrison of the Borough Polyteciinio specially for thia 

treatise.] 

is conchoidal, smooth, and shining, and of a reddish-yellow colour^ 
which soon changes to liver colour, the surface becoming coated 
with a dark green layer. It is inodorous. Its taste is slight at 
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first, but it produces an after- ta'ste in the back part of the palate or 
throat which is unpleasantly acrid. The streak is lemon-yellow 
ohanging to orange. Us powder is a brilliant yellow, but ft is less 
dark than the surface of the section. Mixed with water gamboge 
forms a beautiful yellow emulsion which is used in water-colour 
painting. It dissolves completely when treated successively with 
alcohol and ether. When it is pure a decoction of its fresh powder 
is fawn coloured. Low grades give a brownish or blackish-green 
and do not dissolve completely in water and ether applied in 
succession. A decoction of their powder is coloured green by 
tincture of iodine, a reaction which shows the presence of starch 
•(the starch coloured blue by the iodine forming green with the 
yellow of the gamboge). Now starch is not present in good samples. 

Comjoo5i>iow.— Gamboge contains, according to the kind, 35 to 
SO per cent of yellow resin and 14 to 19 per cent of gum soluble 
in water. The following proximate analyses of different varieties 
of gamboge are by Castelloe : — 


TABLE LXIV.-CASTELLOE’S ANALYSES OF GAMBOGE. 


Resin . 

Gum . 
Impurities . 


Lump. 

Pipe. 

Powder. 

Per cent. 

Percent. 

Percent. ' 

. ! 67-« 

79-30 

76-0 ! 

. i 27-4 

19-45 

22-5 : 

. ! 3-8 

j 

0-15 i 

0*7 ! 

i U8-8 

98-90 [ 

99-8 ; 







and these by Sir Robert Christison : — 


TABLE LXV.— CHRISTISON’S ANALYSES OF GAMBOGE. 


1 Pipe Qambofte. Cake OaiuboKe. 

1 From Siam. 


Oainboge. 
From Ceylon. 


Resin . . ! 74-2 

71*6 

64-3 

65-0 

68-8 

71-5 

72-9 

75-5 

Gam . . . 1 21-8 ; 

24-0 

20-7 

19-7 

20-7 

18-8 

19-4 

18-4 

Amyiftoeous (starchy) | 
matter . . .1 — 


6-2 

5-0 





Woody fibre . . ! — 

— 

4-4 

6-2 

6-8 

5-7 

4-3 

0-6 

Moisture . . . | 4-8 i 

4-8 

4-0 

4-6 

4-6 

— 




1 100-8 1 

1 1 

100-4 

99-6 

100-5 

100-9 

96-0 

96-6 

1 

99-8 


Recently D. Hooper has examined a sample of gamboge from 
another species of Garoinia, G. cowa, from Chittagong, and finds 
that it contains a higher percentage of resin than the ordinary 
variety. The sample analysed gave the following figures on 
analysis: Resin 84'3, gum d’6, mineral matter I'l, moisture 6*5, 
residue 2*6 per cent. This gum resin is paler in colour than the 
oommercial gamboge, but when dissolved in turpentine it yields a 
permanent lacquer with a fine colour. 
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Ure quotes an analysis showing 89 of resin and 10*5 of gum. 
A sample of gamboge analysed by Hurst gave : Besin (soluble in 
ether) , 66*05, wa;^ (spl^le in alcohol) 4*31, gum 26*03, mineral 
micttet'1‘06, and moisture 2*50 per cent. 

The resin consisting of gambogic acid, CsoHssOrt, may be separ- 
ated from the gum and impurities by digestion in strong alcohol. 
By evaporating the latter pure gambogic acid is obtained of a. deep 
brown-red colour, which, when pulverized, becomes converted into 
a beautiful yellow. 

Gamboge is therefore a variable mixture of resin and gum. 
Williams obtained the following figures for gamboge : Acid number 
81, ester number 67, saponification number 148, iodine equivalent 
115*8, mineral matter 0*48 ; while Kremel found the acid equivalent 
to be 100, and the ester equivalent 57. It is scarcely to be ex- 
pected that a variable product such as this would yield concordant 
results. 

Solubility . — Gamboge is very soluble in ether, less soluble in 
alcohol. It is often adulterated with starch, sand, and tinctorial 
barks, a fraud which is detected by digesting the finely ground resin 
with 60 per cent alcohol and examining the residue with the micro- 
scope. Gamboge as met with on the market varies greatly in 
quality. That from Ceylon, a pseudo-gamboge, is said to be very 
inferior. The gamboge export of Saigon during last year (1907) 
amounted to 49 tons, valued at £11,564. 

Uses . — Gamboge is used to colour golden lacquers, but it can- 
not as it stands be used as a pigment except in water-colour paint- 
ing. Moreover, it is highly poisonous, being a drastic purgative. 
Gamboge is reddened by acids and bleached by sunlight. Scoffern 
prepared resinate pigments from gamboge by converting the resin 
acids into metallic gambogiates. They were exhibited at the 1851 
Exhibition. 

For the purposes of the analytical research about to be described 
Tschirsch and Lewinthal cleaned 3 kilogrammes of gamboge and 
treated it with 95 per cent alcohol, until when tested with w^ater 
and HCl it no longer gave a turbidity. Whilst the first flow is 
coloured deep red, the middle flow is yellow, and the last colourless. 
The alcoholic extracts are mixed, the half of the alcohol distilled 
off and the filtered tincture mixed wuth ten times its weight of cold 
distilled water. By vigorous stirring a uniform yellow emulsion is 
obtained from which hydrochloric acid separates out the resin in 
yellow flocks. The filtrate gave with iron chloride a brownish 
coloration, with lead acetate a white precipitate. Fehling’s solution 
was reduced. The body so obtained from the pure resin forms a light 
yellow powder which dissolves very readily in alcohol, ether, acetone, 
toluene, chloroform, benzene, petroleum ether, acetic ether, methyl 
alcohol, amyl alcohol, and carbon tetrachloride, to a yellow solu- 
tion, Ammonium potassium and sodium hydroxides, as well as 
sodium and potassium carbonates, easily dissolve the resin with a 
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deep red coloration. From this solution it is readily precipitated 
by acids. Sulphuric acid and nitric acid dissolve the resin like- 
wise with a red coloration in the hot state, yellow in the cold. The 
resin is absolutely insoluble in HCl and in water. The alcohol 
solution turns blue litmus red. Attempts to crystallize the resin 
met with no response. Capillary analysis gave two zones, one well 
defined and one poorly defined. The purified resin dissolved in 
dilute potash gave the following precipitate : Strontium chloride, 
pale yellow ; lead acetate, brownish-yellow ; iron chloride and 
ferrous sulphate, black-brown ; potassium bichromate, orange- 
yellow ; copper sulphate, grey-green ; aluminium sulphate, yellow ; 
nickel chloride, brownish-yellow ; cobalt chloride, green ; mag- 
nesium sulphate, yellow ; mercuric oxide, white-yellow ; tin 
chloride, pale yellow ; zinc sulphate, yellow'. Fehling’s solution 
was reduced. From this property of formed coloured precipitates- 
with salts Tschirsch terms this substance gamboge-coloured resin 
or chromo-resin. For further purification a large portion of the 
resin was dissolved in ether and the solution agitated w ith a weak 
solution of soda 1 : 1000. The filtered solution was acidulated 
with HCl and the precipitate washed and dried. The substance 
was paler. Its solubility remained. It show'ed the character of an 
acid decomposing MgCOa in the w’arm. Attempts at crystalliza- 
tion had no result. On dry distilling the pure resin water passes 
over, then a thick oil with a fruity smell. sublimate did not 
occur. Acids of the benzoic acid and cinnamic acid series are thus 
excluded. On treating the alkaline solution wdth steam a very 
peculiarly perfumed substance distils, the smell of which recalls 
mellisa. Oh keeping the saponified product for four months the 
substance changes. At first when separated by sulphuric acid it 
was red brittle with silky lustre ; gradually it assumed a brown 
colour, and then it passed to a sort of soap, a white greasy mass, 
and in fourteen days longer it became a granular dark brown soap. 
Dried, the saponification product forms a light orange-red powder 
which dissolves in alcohol with a Burgundy red colour and an acid 
reaction, melting-point 159'^-160''. Analysis gave ; Found mean of 
three analyses : C = 58*76 ; H = 7*39. Calculated for C.,.jH.,„0,, : 
C = 68*66 ; H = 7*46. 

Treatment of the original W'ith absolute alcohol dissolves the 
resin which is separated by dry HCl gas. By treatment of the 
same for a day with cold potash an extract soluble in potash is 
obtained and another insoluble therein. They cannot be separated 
from one another by precipitation from the body prepared from 
alcohol. If a large amount of the body insoluble in potash be sus- 
pended in potash and this mixture treated w'ith hot steam the 
distillate contains ethyl alcohol. Iodine and potash solution give 
the iodoform reaction. Benzoyl chloride shaken with the fiuid gives 
the smell of ethyl benzoate on introducing HCl. A portion of the 
substance is etherified whilst the other remains untouched. The 
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ester formed on treatment with potash is resolved into its com- 
ponents. Melting-point of substance soluble in HCl, 96° to 97° C. ; 
melting-point of substance insoluble in KHO (NaHO and NH3), 
136° to 137° C. Analysis of substance insoluble in KHO. Found 
mean of four analyses : C == 69*87 ; H = 7*6. Calculated for 
^25^32^ • ^ ~ 70 09 per cent ; H — 7*48. The portion soluble in 
potash gave mean of three analyses : C = 67*73 ; H = 7*59. Cal- 
culated for C.,.jH.jyO,5 : C == 67*69 ; H = 7*69 per cent. The potash 
melt from the data of Hlasiweiz and Barth was made in the ratio 
of one of potash to three of the resin and fused in an oil -bath in 
a nickel crucible. The substance melted with a low flame and 
frothed violently and gave off a peculiar aromatic perfumed vapour. 
The smell was similar to that on saponification. The froth 
gradually subsided and the mass boiled quietly. After half an 
hour it was cooled and dissolved in water. It all dissolved except 
a small residue. On acidulating with dilute a moiety of the 

resin was precipitated as a black cake with a strong smell of fattv 
acids of valerianic and butyric acids. The filtrate was shaken five 
to six times with ether, the ether distilled, the residue heated with 
water, saturated with soda, again shaken with ether, and the ether 
partially distilled. It deposited small crystals which were purified 
by animal charcoal and re-crystallization. The substance had a 
melting-point of 218° C., was soluble in alcohol, water, and ether. It 
gave a violet coloration with iron chloride. A crystal laid on a 
chip of pine and drenched with HCl gave a violet colour. The 
product separated was thus phloroglucin. The ether was driven 
off from the fluid, freed from phloroglucin, and the fluid was then 
acidulated by sulphuric acid and shaken three or four times 
with ether, the ether driven off and the residue dissolved in water. 
When the ether was driven off the aqueous solution, it was cooled 
and precipitated by lead acetate. A voluminous casein-like pre- 
cipitate fell out. This precipitate contains the two acids, uvitinic 
and isuvitinic. The lead precipitate was treated with sulphuretted 
hydrogen, boiled with water, evaporated to a syrupy consistency, 
and left to crystallize. After prolonged standing it gave small 
white crystals which were purified by bone-black and re-crystalliza- 
tion. The solution in water reacted acid. Dried at 100° C. the 
melting-point was 162° C. The substance does not lend itself to 
analysis. Hlasiwetz and Barth found the values 

C = fiO-O fiO-l f)0-4 59-s 

H - 4-4 4*8 4-y 4-7 

from which they gave it the formula (l„H^O^, and on confirming 
this by the ammonium, calcium, barium, cadmium, and silver salts, 
they gave it the name of isuvitinic acid. They regard it as phene- 
thylic acid 2, raethylic acid 1, as a homophthalic acid, or as 
a phenyl acetic 6, carbonic acid = COOH*Cj,H^CH5j(COOH)3. 
Uvitinic acid is methyl phen 3, 6, dimethylic acid « CgHjCH^ 
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(C00H)2. There separated from the liquid from which th^ 
isuvitinic acid w^as separated an amorphous, syrupy pale’ brown 
mass, which on solution and treatment with bone-black became 
more pale but could not be crystallized. The filtrate from the H^S 
precipitate was heated to drive off H. 2 S. There separated after 
some time a granular, crystalline, reddish-white powder, which 
blackened at 270° C. and was insoluble in alcohol, ether, and the 
usual solvents. On re-crystallizing a large crystal, taste and reaction 
were acid ; the low melting-point and its sour taste identified it as 
tartaric acid. The examination of the fluid left on the expulsion of 
the ether was now taken in hand. To isolate the fatty acids whose 
smell had been remarked it was acidulated with sulphuric acid and 
the acids driven over by hot steam. The resin cake which fell out 
on treatment with sulphuric acid was repeatedly boiled with water 
and the fluid treated accordingly. The fatty acids were treated with 
an excess of calcium carbonate and the calcium salt of the fatty 
acids dried to a powder. The finally pulverized mass was extracted 
with absolute alcohol in which the lime salt of valerianic acid and 
of butyric acid is insoluble, and the acetic acid and formic acid 
salts insoluble. The alcohol solutions of valerianic acid and 
butyric acid were mixed and the acids by treatment with dry 
HCl gas converted into the corresponding esters. The strongly 
acid solution was neutralized with ignited carbonate of lime and 
the mixture fractionally distilled. First fraction passed over from 
100° to 110° C., second fraction from 100° to 125° C., third fraction 
zip to 140° C. From the second fraction the portion passing over 
from 119° to 120° was isolated and recognized by its smell and boiling- 
point as ethyl butyrate. The third fraction, between 134° and 135° C., 
only gave a small yield, which by the boiling-point and smell was 
recognized as ethyl valerianate. The residue, insoluble in the 
alcohol, was tested for formic acid. It did not reduce silver solu- 
tion. A portion was heated with arsenious acid ; it gave off the 
smell of cacodyl. The calcium salt was dissolved in a little HCl 
and gave a blood-red coloration with iron chloride, showing acetic 
acid. The potash melt thus yields phloroglucin, isuvitinic acid, 
tartaric acid, butyric acid, valerianic acid, acetic acid, an amorphous 
syrup, a brown mass, and a granular crystalline powder. In the 
potash melt operation and in the saponification a peculiar smell was 
given off. To isolate the body generating this smell a mixture of 
1 part of the resin and 3 of pulverized potash was dry dis- 
tilled in an iron retort. The water distilled gave off a strong odour 
of essence of lemon and melissa. The yield was small, thirty 
distillations only yielded 7 to 8 grammes of oil. This oil is coloured 
yellow and is lighter than water. It was salted out with common 
salt and dried over calcium chloride dissolved in water-free ether 
and shaken with sodium bisulphite. There was a strong separation 
of water-white transparent crystals. These were dissolved, decom- 
posed by sulphuric acid, and shaken with ether. On driving oft 
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the ether there remained a somewhat brownish-coloured body with 
a faint perfume. It could not be fractionated. It resinified on 
heiting. The aldehyde reaction silver mirror gave nothing, nor did 
magenta decolorized by sulphurous acid. In 5 per cent soda solu- 
tion or 1 per cent potash it only dissolved slightly. The bulk of 
the oil dissolved in ether. The ether was driven off by gentle heating 
and the whole fractionally distilled. The first fraction passed over 
at 110'’ to 115'’ C. ; the second fraction at 154° to 171° C. ; the third 
fraction at 171° to 220° 0., was very dark brown. Fraction I 
gave the following on analysis : Found mean of two analyses : 
C - 76-56; H = 19-22. Calculated for C.^II^^O : C - 76 93 ; 
H = 18‘97 percent. Fraction II, mean of two analyses : C = 81*58 ; 
H - 12-57. Calculated for C,,H.^,Oo : C = 81*72 ; H = 12-54. On 
long standing a crystalline body was obtained from the distillate 
which crystallized from alcohol ; had the melting-point of 114° to 
115° C. The distillation of gamboge was studied by Tassinari. His 
procedure was as follows : He used caustic soda and a little water. 
He found oxygen-free bodies in the distillate with the formula 
C|<,Hj,„ a limonene. He dissolved the residue in \vater, but there 
settled out white flakes which were collected and gave on ignition 
Ci,)Hj,„0.,. On acidiilation with HCl a dark resin separated about 
two-tliirds of the gamboge taken. By distilling this substance with 
zinc dust a mixture of benzene homologues was obtained. The 
white flakes separated from the resin contained an oily substance 
from which they were freed hy i^ressure and purified by solution 
in benzene, from which they crystallized in small crystals. Analysis 
gave C = 64*43 per cent ; H -= 5*72 per cent. The composition be- 
tokens the formula C^,Hj,P 3 , which approaches xylidinic acid : 
C = 64*43 ; H 5*72. The strongly acid residue was neutralized 
by soda and evaporated to dryness. The residue was like silver 
acetate. The residue was then extracted with alcohol till colourless. 
The residue consisted of Nad and sodium isuvitinate. The 
isuvitinic acid is dissolved and precipitated as a calcium salt, 
the ignited ash of which yields lime corresponding to isuvitinic 
acid. Nothing is obtained from the alcohol distillate. There 
remains a fluid which separates into two layers, the top dark, the 
other slightly coloured. The upper neutralized with ammonia and 
distilled with steam can be extracted with ether, which expelled 
leaves a thick fluid with a fruity odour, which does not solidify on 
cooling. It has the character of an aldehyde. Treated with 
sulphite solution it yields a fluid boiling between 110° and 117° C. 
of the composition Cj^jH^^O. It absorbs four atoms of bromine by 
addition, and passes on oxidation with ammonium potassium silver 
oxide into a crystalline acid with the composition Cj„H|,j0.2. Melt- 
ing-point, 103° to 104° C. 

On shaking the concentrated ethereal solution of gamboge with 
soda, Tschirsoh obtained an abundant finely granular red pre- 
cipitate recognized as a sodium salt. A portion was dissolved in 
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alcohol and treated with reagents. Lead acetate solution not made 
with alcohol produced no change, not even on standing. Alcoholic 
lead acetate at once gave a bulky orange precipitate which was 
allowed to settle and lead acetate added until no further precipitate 
was obtained. Dried, it gave a heavy yellow powder that dissolved 
readily in ether, with difficulty in hot alcohol, and is insoluble in 
water. On suspending the powder in water and running in a 
mixture of sulphuric acid and alcohol the lead salt was decomposed ; 
to complete the decomposition, it was left for a long time in contact 
w'ith sulphuretted hydrogen. The acid went into solution with 
a red colour and was easily filtered from the lead sulphide. The 
solution warmed to expel H 2 S and treated in the cold with a large 
excess of water. Yellow-red coloured flakes separate which after 
appropriate washing were dried at 90’ C. in a dessicator. To 
further purify the substance it was dissolved in dilute potash and 
precipitated by strong potash. The deep yellow-coloured precipitate 
was repeatedly dissolved with potash in water and precipitated by 
HCl. Alcohol, ether, acetic acid, acetone, potash, soda, sulphuric 
acid, nitric acid, toluene, chloroform, benzene, acetic ether, amyl 
alcohol, dissolve this substance forming a yellow solution. It is 
insoluble in HCl and petroleum ether. Melting-point, 129'’ C. 
Analysis : Found mean of three analyses : C == 68‘73 ; H = 7*08. 
Calculated for C.^^Hg^O,; : C = 69*00 per cent ; H = 7 per cent. The 
acid was named garcinolic acid. The lead salt gave 19*61 and 19*8 
per cent Pb. For (C.2;jH.,-0,.,).2 Pb 20*59 per cent Pb is required. 
Garcinolic acid is monobasic. The filtrate from the lead salt pre- 
cipitate was still strongly coloured. A test in a reagent glass with 
water gave an abundant pale yellow precipitate. The separation of 
the excess of lead acetate was effected by prolonged treatment with 
H^S. There was thus separated a bulky dark brown j)recipitate. 
The filtrate on expulsion of the H.,8 was warmed and on cooling 
treated with acidulated water. A very finely granular pale yellow 
precipitate formed which by prolonged washing was freed from 
HjS. Dried, it forms a light pale yellow tasteless powder which 
alcohol dissolves to a yellow solution ; likewise ether, acetone, potash, 
soda, ammonia, toluene, chloroform, benzene, acetic acid, amyl 
alcohol, and methyl alcohol. Sulphuric acid dissolves it red. It is 
insoluble in hydrochloric acid and in petroleum ether. It dissolves 
in potash with a yellow colour, whilst the original material dissolves 
in potash even in dilute solution with a red coloration. ^lelting-point, 
129'’ to 132° C. Analysis gave mean of five : C - 70*3 ; II - 7*41. 
Calculated for C.j JIy^O,; ; C = 70*09; fl - 7*48 per cent. This body 
was termed garcinolic acid. It forms about four-fifths of the 
amount of substance taken, that is, the resin treated with soda. At- 
tempts at crystallization have hitherto given negative results. The 
barium salt of )8-garcinolic acid is formed thus : An ethereal solution 
of the acid is shaken with baryta water in a separating funnel. The 
whole solidifies on shaking into a soft white gelatinous mass which 
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in time becomes hard and granular. The excess of baryta water 
was removed by washing and the substance dried at 100 ’ C. So as 
to test that no barium carbonate had been precipitated with the salt, 
a small portion was treated with concentrated HCl, but it gave off 
no C0.2. Analysis gave : 15*63 per cent and 15*55 Ba. For 
(0.25113^0,5)2 Ba 13*82 per cent Ba is required. The calcium salt is 
prepared in the same way, only the ethereal solution is shaken with 
lime water. A red powder forms, insoluble in water, very soluble 
in hot alcohol. Analysis gave : 5*31 per cent and 5*3 per cent Ca. 
For (C25H31OJ2 1*36 per cent Ca is required, ^-garcinolic acid 

is thus also a monobasic acid. By oxidation with nitric acid it leaves 
a powder insoluble in ether, toluene, petroleum ether, carbon, tetra- 
chloride, benzene, HCl, chloroform, and acetic ether. Analysis 
gave mean of four : C — 55*26 ; H = 5*77 per cent. Calculated for 
^19^240,0 ; C ^ 55*34 ; H - 5*83 per cent. The filtrate contains 
oxalic acid. A reduction test with )8-garcinolic acid with tin and 
HCl gave a reduction product. Dried, it formed a pale brown light 
tasteless powder of melting-point 150° to 152° C. The alcoholic solu- 
tion showed a strong green opalescence. The substance is insoluble 
in water, petroleum ether, and hydrochloric acid. Analysis gave 
mean of three : C ~ 69*39 ; H = 7*34. Calculated for : 

C = 69*57 ; H ^ 7*25. The acetylization tests gave negative 
results. 

In treating the solution filtered from the a-garcinolic alcohol 
solution with sulphuretted hydrogen so voluminous a precipitate was 
obtained that it could not consist of lead sulphide alone. This 
precipitate was digested with alcohol till it came away colourless. 
The residue was l)oiled with alcohol, the deep red solution pre- 
cipitated with water, and HCl and the red substance dried. Melt- 
ing-point, 103° to 104° C. Its behaviour with solvents is similar to 
that of the a and acids. The substance, however, gives a red- 
coloured solution with dilute potash. It was termed 7-garcinolio 
acid. Analysis gave mean of three : C *= 71*56 ; H ~ 7*37. Calcu- 
lated for C.23H.2SO5 : C 71*88 ; H = 7*29 per cent. The extraction 
of the crude acid, with lead acetate, w'as repeated, with constant 
results. With iron chloride all three acids behave similarly. The 
solution is coloured dark brown and on standing forms a brownish- 
black precipitate. 

The research must be pushed further, until the substance 
reddened by alkalis is separated from the substance yellowed 
thereby, which would involve a closer examination of the three gar- 
oinolic acids. This, moreover, is rendered very difficult by the 
impossibility of obtaining the substance in a crystalline form. The 
formulflB show a mutual relationship and homology : — 


(a) Garoinolio aoid, 0^ 

O) M *» Us* 

(7) ** •* ^5 
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The residue * from the alcoholic extraction of gamboge is a dirty 
brown pasty mass, which dissolves readily in water to a dirty turbid 
fluid. Filtration through filter paper is difficult. By use of a 
Chamberlain clay filter it is obtained as a brown-coloured solution. 
This solution was with energetic stirring mixed with ten times its 
weight of a mixture of 90 parts of alcohol and 10 of ether. The 
gum was not piecipitated but formed a white milky fluid with the 
ether alcohol. After a day’s standing a slight precipitate had fallen 
to the bottom. At last on the addition of HCl the gum separated 
out. By repeated solution in water and precipitation by acidulated 
alcohol a gum is obtained which has only a faint yellow impression 
which was covered round with ether alcohol in drying. The gum 
dries as a whitish-yellow powder, odourless and insipid. It is 
soluble ill water to a clear but yellow-coloured fluid with an acid 
reaction. Ignited in a platinum crucible it left no ash. A mixture 
of alcohol and HCl gives a bulky white precipitate, lead acetate 
a slight turbidity. With borax solution the gum solution remains 
clear. Iron chloride on warming gives a dark-coloured flaky pre- 
cipitate. Fehling’s solution was reduced on heating. Ammonium 
oxalate made no change. Analvsis gave mean of three : (’ = 48*86 ; 
H - 6*62. Calculated for : C - 44*4 : H - 6*17. The 

solution is levo-rotatory. This shows that the arahinic acid of gam- 
boge, like the gum in all gum resins, resembles other natural gums. 
Nitric acid gives a substance of melting-point 206^ C. Analysis 
shows it to be mucic acid. Found mean of two: C --= 34*85; 
H = 4*6. Calculated for C, 1I,„0^ : C 34*28 j)er cent ; H - 4*76 
per cent. Oxalic acid and tartaric aie also produced. The ash 
of gamboge shows 1*02 ]K*r cent, principally calcium and less 
magnesium. 

Gamboge consists of : — 

I’er cent. 

Gum . . . UvO 

tein ‘ . .77 

The remainder consists of impurities. 

Gurjiin BaUam or CocMn-Chim Wood Oil — Orlijin . — This oleo- 
resin, notwithstanding its synonym, has no connexion whatever 
with Japanese wood oil. The latter is a fatty oil belonging to the 
class of drying oils. Gurjun balsam is an oleo-resin secreted by 
different trees belonging to the order DipterocarpCie. 

^ Of which 10 ix;r cent precipitated by lead acetate, U7 per cent not precipitated 
by lead acetate. 
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TABLE LXVL— TREES ANB LOCALITIES YIELDING GURJUN BALSAM. 


Species of 
DipterocarpuB. 

Country. 

TurbinatUH 
(l(pvis indicia) 

E. Bengal, Chittagong, Pegu, Singapore, French Cochin-China. 

TrinerviH . 

.lava and the Philippines. 

incanus . 

Chittagong and Pegu. 

Alatus 

Chittagong, Bumia, Tenasserim, Andamans, Siam, ^.nd Cochin- 
China. 

CriHpalatus . . 

! French Cochin-China. 

Zeylanicus 

Ceylon. 

Hispidus . 


Gracilis , 

' Java. 

Littoral is 


UetusuH 

{Spnnoijhci) 

” 


Habitat . — These D ipterocarpeie in the forests of mountain- 

ous rcfi'ions, and more especially on the borders of the clearances. 

Yield . — The collection of the oil is one of the chief industries of 
French Cochin-China, where the trees are now felled in a systematic 
manner under Government supervision. The annual value of the 
oleo-resin of a Dijderocarpus in that country is estimated at about 
16s. to 17s., and the trees continue to yield for about 100 years. 

Collection— Forestnf Technoloyy . — The oil is collected in the 
followinj' manner : The woodman first of all makes a round hole in 
the wood (with an auj^er) about 2 inches in diameter and reach- 
ing to within a short distance of the opposite side of the tree. It 
is at the mouth of this hob? that the font is made to receive the 
oil. At this point a deep, almost horizontal cut is made in the 
tree by means of an axe, and higher up another verticle cut meeting 
the other at an acute angle. A sort of font or basin-shaped hole is 
thus scoo})ed out of the trunk of the tree about the height of a man 
from the ground where the oleo-resin collects. When the collec- 
tion of the rosin commences, glowing charcoal is placed in the font 
or leaves saturated with oleo-resin, and inflamed ; the surface of 
the wood chars and tiie fluid oil commences to flow. The fire is 
then extinguished, and tliree to four days afterwards the oil is 
collected. At intervals of three to four weeks the charred surface 
of the font is chipped ott’ and the fresh surface again fired. The 
same font may be fired eight to ten times, and it is not uncommon 
to find upon the same tree and at the same height four or five cuts, 
each of which are exuding oleo-resin. 

The oil is collected by means of a sort of spoon, foi’ined of meshes 
of cocoa-nut, and fixed to a bamboo handle ; occasionally by means 
of a guttei* with a wide mouth, from which the liquid runs into a 
receptacle at the bottom of the tree. Some species of Dipterocarpece 
secrete balsam spontaneously from a cut made on the trunk which 
is collected in the cold. This “ cold-drawn quality is much 
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esteemed by the Annamites for the manufacture of lacquer. The 
collection of balsam constitutes the principal if not the sole occupa- 
tion of the Annamites of the province of Ben Hoa. The product is 
of a mixed character, varying much in character and quality owing 
to the resin of different species being collected and stored in the 
same vessel. 

The oil resembles copaiba in smell, flavour, and therapeutical 
properties, but it imparts no unpleasant smell to the breath. If is 
completely soluble in benzene, cumol, chloroform, and carbon di- 
sulphide, and partially in the other varnish solvents, e.g. ether, 
petroleum spirit, carbon disulphide ; alcohol dissolves 90 per cent 
of the resin. According to Daliere it contains 2*46 per cent of an 
ether calculated as the acetate of a sesquiterpene alcohol ; its ro- 
tatory power is very variable — So" to 106^". 

Commercial Varieties. — Two qualities ofoleo-resin are met with : 
(1) Pale Yellow (Blmule). The product principally of Dipterocarpus 
iurbinatus, and which on standing separates into two layers. The 
upper layer is clear limpid amber, yellow, and slightly fluorescent. 
The lower layer is very abundant, viscous, and of a greyish-white 
colour. (2) Black. The product principally of Dipterocarpus alatus. 
On standing it separates into a thick, viscous, and very fluorescent 
upper layer, deep brown -red by refracted light, greenish by reflected. 
The lower dark greenish -black layer of less bulk separates more 
rapidly. The density of these oleo-resins is not definite ; it would 
appear to oscillate between 0’960 and 0'966. The pale oil is always 
the lighter in gravity. Both the blonde and the l)lack oleo-resin 
when distilled yield a volatile oil which has been rectified over 
calcium chloride. 

Rectification — Fractionation of Pale Yellow Oil. — A litre of 
blonde oil mixed with 6 litres of ^vater yields 290 grammes of a 
Btraw-yellow volatile oil, lighter than water, whilst a white material 
occupies the space between the water and the oil, which would 
appear to be the hydrate of the volatile oil. This hydrate is decom- 
posed at a slight heat (176'’ C.) in contact with calcium chloride. 

By fractional distillation, M. Bigal has obtained 242*’ C. as the 
point at which the liquid boils. The different fractions pass over 
as under : — 

Igt (raotion between 25H° and 262*^ C. 

2nd fraction between 267’ and 276° C. 

Hrd fraction between 284° and 286° C. 

The third oil is greenish in colour. 

Black Oil Fractionation, — The black oil, 320 grammes per litre, 
commences to boil at 248® C., and yields : — 

l«t fraction between 262° and 267° C. 

2nd fraction between 260° and 262° C. 

Hrd and final fraction between 262° and 266° C. 

Properties, — These oils rotate the plane of polarization differently. 
This is due to the fact that they are the product of different species. 
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{French and American spirits of turpentine — one obtained from 
Pinm maritima and the other from Pinm taeda — behave similarly.) 
They detonate with fuming nitric acid. Nitric acid gives a violet 
coloration, sulphuric acid a purple-red, hydrochloric acid a violet- 
red. Iodine attacks them energetically but without explosion. 

Java Copal . — Dieterich recently examined a new fossil-copal from 
the intei'ior of Java, the extensive deposit in a lignite seam being 
to he worked if worth while. The rounded elongated lumps the 
size of walnuts like unwashed, unscraped kauri have not the goose 
skin of Zanzibar copal. The milky internal mass in a thin 
"leathered outer layer has a glossy conchoidal fracture, is easily 
rubbed down to a brownish-grey powder containing black granules, 
lignite particles, and pyrite crystals left behind as a black tinsel of 
metallic lustre in the insoluble residue. The copal does not soften 
thick yellow-brown tar, with an empyreumatic smell. The residue 
in the retort consisted of 13*87 per cent of a black carbonaceous 
mass which caught fire when the retort burned through. It yielded 
tar on extraction with ether. This yellow extract turned a fine 
reddish-yellow on concentration, and exhibited a green fluorescence 
which was not altered by acid or alkali. The total loss on dry 
distillation amounted to 14*43 per cent of the copal, the greater 
portion consisting of the uncondensable white fumes given off at the 
outset. Fractions I to V, which at first were cloudy from the 
presence of water, gradually became perfectly clear on standing, 
whilst Nos. II to V darkened in colour. So far as possible de- 
terminations were made of the coefficients of refraction, density, 
and Hiibl- Waller iodine value of each fraction, the resulting figures 
being given below : — 

TABLE LXVIL— PHYSICAL AND CHEMICAL CONSTANTS OF JAVA 
COPAL (DIETERICH). 


Fraction. 

Kefractouietcr 

Coettirient of 

.Specific Gravity 

Iodine Value 

Index. 

Refraation. 

alls® C. 

(6 lrt-8.). 

I 

80° ^ 17^° C. 

1-4803 



i 


41° 11 (a, 17° 

1-4812 

— 

— 

11 

.sr 50 @ 17^ 

1-6116 

0-0210 

' 87-24-06-58 

HI 

— 

‘ — 

0-0280 

, 113-48-120-68 

IV 



— 

0-0200 

1 08-10-102-68 

V 

— 

— 

00805 

1 42-68 


Conclasuma . — The copal is evidently a hitherto unknown pro- 
duct, which does not seem to have anything in common with the 
other varieties of copal, oven that from Manila. It is of a fossil 
character, as is shown by the adherent impurities. It is probably 
far superior to Manila and kauri copal, but inferior to and softer 
than Benguela copal. The value is about 8d. a lb., as compared 
with 6id. for Manila and 2s. 6d. for best Zanzibar. 

As the sample wa« anall the tests had to be confined -to 
hardness, melting-point, specific gravity, presence of sulphur. 



THE MANUFACTUBE OP VARNISHES. 

nitrogen, bitter principles, ash, moisture, volatile acids, and ethereal 
oils, with determination of acid, ester, and eaponification values, 
exact determination of solubility in various solvents, behaviour on 
dry distillation, and examination of the fractions. Examination 
by Tschirsch’s method had to be delayed till the promised larger 
sample is received. 

Hardness. — The copal is easily scratched by calc-spar and 
copper sulphate, but only partly so by rock salt, and is therefore 
harder than Indian or Manila copal. Melting-point. — Placed in 
a capillary tube, sealed at one end and plunged in a bath of 
sulphuric acid, intumescing point 160"' to ITO"" C. ; incipient fusion 
• C. ; complete fusion 178° C. As good copal melts at a higher 
temperature, the sample cannot be classed very high in this respect. 
Density. — The specific gravity of the cleaned lumps is 1‘033 to 1*041. 
Sulphur Test. — The melt with soda and saltpetre, dissolved and 
saturated with nitric acid, gave a decided sulphuric acid reaction 
with barium nitrate ; but the sulphur is evidently derived from 
the embedded pyrites. Nitrogen Test. — Negative results. Ash 2‘‘44 
per cent ; colour, reddish-brown ; composition, mainly ferric oxide. 
Moisture at 100° C. for two to three hours, 0*265 per cent ; under 
prolonged heating the weight increased again. Bitter principle, by 
the Tschirsch and Niederstadt method (extracting repeatedly with 
boiling water, and concentrating the aqueous solution), revealed no 
bitter taste, nor could any trace of bitter principle be detected with 
ferric chloride, lead acetate, or tannic acid. No ethereal oil or 
volatile acids occurred in the products of steam distillation. Acid 
value (hot), 4*55 to 5*07. Saponification value (hot), 14*54 to 15*92 
to 16*56 to 18*03. Ester value (calculated), 9*99 to 12*96. Hiibl- 
Waller iodine value (twenty-four hours’ reaction), 50*86 to 54*66. 
Solvbility. — The quantitative results are given, for undried material, 
in the following table : — 


TABLE LXVUI.-SHOWING THE SOLUBILITY OK JAVA COPAL IN 

VAKIOrS SOIiVENTS. 



Lmm at 

KXr C. |ier cent. 

Soluble 

Siilublo 

Solvent. 

Calculated. 

Found. 


KXF C. per cent. 

100'^ i)er cent. 

Alcohol (9J per cent) 

82-.5H 

17-16 

15-86 

Ether (ep. gr. 012) 

41-63 

58-10 

62-91 

Acetone 

80-61 

19-12 

‘26-24 

Chloroform .... 

2-69 

97-14 

101-80 

^DZOl 

3-92 

95-82 

97-64 

Carbon disulphide . 

.5-84 

93-90 

97-59 

Methyl alcohol 

j 92-97 
< 0-26.5 

6-76 

7-61 

Prtrolenm ether 

2-24 

; 97-50 

; 96-52 

Chlond hydrate (60 per cent) . 

95-29 

4-44 


•' „ „ (80 per cent) . . 

90-76 

8-98 


Diohlorhydrin . ; 

78-36 

26-38 

i 

Epichlorfaydrin . ! 

58-96 

45-78. 

1 n 

Oil of tnrpentine (ordinary) . 

2-68 1 

97-16 



I 
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It is evident that the soluble matter could not be determined . 
directly owing to oxidation and increase in weight of the evapora- 
tion residue in drying, hence the insoluble percentage is given and 
the soluble calculated. By reason of its insolubility this copal be- 
longs to a high class. The solubility after melting could not be 
determined owing to lack of material. According to Mauch, Java 
copal being insoluble in chloral hydrate should be classed along 
with the ti ue copals. 

Dry Distillation Products of Java The remainder of the 

sample, about 75 grammes, was subjected to dry distillation in a 
tubulated 200 c.c. retort of Jena glass, heated up to 360° C. on a 
.sand-bath, and after that over a naked flame, until nothing but a 
carbonaceous residue was left in the retort. No sublimation in the 
neck of the retort or in the condenser tube could be detected at any 
time during the distillation. At first the copal powder turned very 
brown, with considerable liberation of uncondensable white, pun- 
gent fumes and water vapour. Up to 80° C. no distillates passed 
over from the melted mass. At 100° C. there were distilled the 
. first drops of a pale yellows cloudy, thin oil, smelling of turpentine. 
At 120° C. (Fraction I) about 1*07 per cent distilled over, this 
portion containing much w^ater. Fraction II passed over, up to 
280 C., as a dark browuiish-yellow, highly refractive empyreumatic 
oil, to the extent of 15*97 per cent of the copal. Fraction III 
(280° to 300° C.) forming 22*61 per cent, w^as darker and more empy- 
reumatic, smelling strongly of ethereal oil of w’ormwood, but the 
smallness of the quantity precluded any decisive test as to the 
actual presence of that oil. Fraction IV (300° to 360° C.) was a 
redd ish-b row' n oil, with pungent, empyreumatic smell, and equal 
to 19*03 per cent of the copal. The final fraction (VI) came over 
as a thick groenish-browui oil, smelling of oil of turpentine. The 
quantity was equal to 12*93 per cent of the copal. There was also 
about 0*4 per cent of a 

Xanthorrhca licsin . — The Xanthorrhea or grass-trees are Jun^ 
cacete^ confined to Australia and Tasmania. They are plants with 
a short, thick ligneous stem, generally simple, terminated by a tuft 
of long leaves about 3 feet, with cutting edges. The inflorescence 
emerging from this crown of leaves consists of a bunch of sessile 
flowers supported on a rigid peduncle of 5 to 8 feet in length. The 
three most interesting species are A", hastilis B. Br., stem short ; 
likewise A". Australis R. Br., and the A", arborea B. Br„ the stem 
of which, on the contrary, rises some feet in height. From the 
trunk of these ti eos there flow in virtue of a continuity of accidents 
or by incisions a resinous substance which concretes in the air in 
contact with more bulky pieces. Sometimes the fragments detach 
themselves spontaneously and collect at the foot of the tree, where 
they are often found buried, semi-fossilized. The resin is collected 
thus, according to Maiden : The pieces of resin are detached with 
a pick or a hatchet and collected on a cloth. The product is sifted, 



236 


THE MANUFACTURE OP VARNISHES. 


then assorted and put on the market. The X, arborea yields 
abundant bulky masses of a reddish-brown resin, brittle, with a 
brilliant fracture which pulverizes readily and is reduced to a brown 
colour like Terra di Sienna. 

The resin of X. Australis exudes at the base of the trunk near the 
roots in f'lobular irregular masses, brownish or of a homogeneous 
ruby-red which exhales an odour of benzoin. The product of X, 
hastilis has also this same odour of benzoin. All these resins by ex- 
posure to light exhibit a superficial red-brown layer which encroaches 
on the paler internal colour. The resin of the Xanthorrhea is very 
soluble in ether, which would appear to be its best solvent. It is 
soluble also in alcohol and potash. It is insoluble in benzine, 
turps, and toluene. To obtain the pure product it is pulverized 
and exhausted by ether. The filtered solution is of a fine gold 
yellow. The residue remaining on the filter consists almost ex- 
clusively of plant debris. After evaporating the solvent on the 
water-bath a yellowish-red resin is obtained, exhaling the odour of 
benzoin. Stenhouse was the first to examine the resin so purified. 
He found that its potassic solution treated by hydrochloric acid 
gave a precipitate of benzoic and cinnamic acid, and that it pro- 
duced picric acid when treated with nitric acid (Hlasiwetz and 
Barth, “Bull. Soc. Chem.,” I, 1867, p. 431). When this resin 
is oxidized by potash a large amount of para oxy-benzoic acid is 
obtained. But Maiden fixes this amount at 8 per cent. During 
the reaction an aromatic vapour and much volatile fatty acids are 
given off. The ethereal extract furnishes by crystallization para- 
oxybenzoic acid. The mother-liquor of this extract contains a little ’ 
resorcin as well as a pyrocatechic compound of para-oxybenzoic 
acid. A \veight of 18 oz. of resin, about 530 grammes, yield 36 
grammes of para-oxybenzoic acid, 4 grammes of resorcin, about 5 
grammes of pyrocatechin, and 6*5 grammes of soluble acid. Ac- 
cording to Hildebrand, yellow accroides contain cinnamic and 
paracumaric acids free and combined with Xantho-resino tannol, 
styracin, para-oxybenzoic aldehyde, and probably small amounts 
of phenyl propyl cinnamate as well as traces of vanilla. When this 
resin is distilled, 0*37 per cent of an essential oil is obtained, which 
possesses an odour of storax. lied Accroides, Earth Shellac. — This 
resin is derived from Xanthorrhea Australis R. Br., also from X. 
tateana and X. arborea. Likewise the ruby-red basal plates from 
X. qiuulrangularis. By examination under the microscope this 
resin shows no crystals, only the resin from X, Australis contains 
a small amount of a double refractive substance. 

Bed accroides differ in composition from the yellow variety in 
containing paracumaric acid but no cinnamic acid ; parabenzalde- 
hyde is present, but no vanillin styracin nor the phenol propyl 
cinnamate. The greater bulk of the resin consists of an ester of 
paracumaric acid conjugated with erythro-resino tannol. The 
tannol resin alcohol has the formula C 4 (^H 3 yOH and is readily 
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nitrated into picric acid. Benzoic acid, but only in the combined 
state, is also present. The Xanthorrhea resins thus belong to the 
same class as Peru balsam, storax, and benzoin. 

Mhwr Use for Bed Accroides. —A concentrated solution of the 
red resin containing a little castor oil or copaiba balsam has a mag- 
nificent red colour which is employed to coat the windows of photo- 
graphic laboratories so as to exclude the active rays. 

Yellow Gum Accroides . — Botany Bay resin, blackboy gum, 
grass-tree gum, resina .lutea novae belgiae, the product of H. hastilis, 
contain, according to Hildebrand, free acids — cinnamic and para- 
cumaric. The latter is also present in the form of an ester com- 
bined with Xantho-resino tannol, an alcohol with the formula 
C 43 H 4 yOOH. This ester constitutes as much as 80 per cent of the 
resin. Xantho-resino tannol is an alcohol containing a hydroxyl 
group. No methoxyl group could be detected by the Zeiss method. 
The behaviour of the acid and benzoyl derivatives pointed to the pre- 
sence of a hydroxyl group only. This resin alcohol can be converted 
by direct nitration into picric acid. In addition to the above, styracin, 
cinnamic acid, phenol propyl cinnamate, para-oxybenzaldehyde, and 
possibly vanillin, are also present. This product is but little used, 
and only fetches about £4 a ton in London. In Australia, however, 
European workmen and Chinese use it in making certain varnishes. 
Although produced so abundantly in Australia these were, until 
comparatively recently, practically unknown in this country. Even 
now they are only occasionally imported, though it is true they, to a 
certain extent, could replace dragon’s blood, gamboge, and other 
tinctorial agents in the colouring of pale lacquers. 
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.lAPANESK, CHINESE, AND BFRMESE LACQUERS. 

Japanese lac or iirushi is the milky juice of the vernicifera, 
D.C. (Ehus Veniix Thunh), the urushi-nohi of the Japanese, a tree 
cultivated at different altitudes at Dewa, Aizu, Shimodzuki, Hiro- 
shima, Yoshino, in the neighbourhood of Tokio, etc. The lihus 
vernicifera is confused with the “ tree of heaven,” the Ailanthus 
glandulosa, cultivated in many European localities, but having 
nothing in common with the real Japanese varnish-tree, which, 
nevertheless, may itself be likewise cultivated in Europe. In fact,^ 
in 1886 Prof. Rhein brought some stocks from Japan which he 
planted in the Botanic Garden of Frankfort. These plants in a few 
years developed into trees which produced normal fruit. Seeds 
were thus obtained which when sown produced hardy young plants ; 
a gum-resin juice may even be extracted from the trees thus ac- 
climatized. But it remains to be seen whether or not the product 
is identical with that elaborated in Japan. The Jfhus vernicifera is a 
small tree, with large, alternate, imparipinnate leaves, consisting of 
six or seven pairs of leaflets, with short leaf-stalks, membraneous, 
oval-oblong, glabrous alx)ve, with veins covered with short hair 
underneath. The flowers are polygamous, forming terminal or 
axillary panicles, hairy, much exceeding the half of the length of the 
leaves. The glabrous calyx comprises live short oval obtuse divi- 
sions. The five oblong petals are three or three and a half times 
longer than the limbs of the calyx. The five rudimentary stamens 
in. the female flowers have each a filiform filament twice as long as 
the oval, dorsal-fixed iritrorse anther. The ovary is surmounted 
by three short styles. The fruit is a slightly flattened drupe con- 
taining one seed with a membraneous ligument. Another species 
of Rhus is also cultivated in Japan, the Rhm succedanea, L., the 
or wax-tree, but for the sake of its wax, contained in the 
mesocarp of the fruit. This white vegetable wax was formerly 
highly prized, but is now much less esteemed than the varnish. 
The Rhus vernicifera may also yield wax, but to the detriment of 
the varnish, because, if the tree produces fruit, the secretion of 
varnish is diminished. The production of these two substances 
is mutually antagonistic, and as the varnish is the most valuable 
and scarce product of the two, the fructification of the trees, sC 
injurious to its secretion, should be prevented. 
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Cultiire , — Much information in regard to the cultivation of the 
Bhm vernicifera is to be found in a communication (of which there' 
is a French translation) by Leon Van de Polder, published in the 
“ Koloniaal Museum de Haarlem,” No. 3, September, 1892, on the 
Japanese varnish-tree. The varnish-tree is included, with the tea- 
plant, the paper-tree, and the mulberry, amongst the “four useful 
shrubs” treated of in the seventh volume of the “No-gigo-dzen-sho,” 
or “ Complete Treatise of Agricultural Occupations,” in ten volumes 
with supplement, published by Myasaki Yassada and Kalbara 
Rakuken. In fact the varnish-tree is cultivated in a very careful 
and methodical manner in Japan. The tree is reproduced in three 
different ways : (1) By root-buds ; (2) by slips from the stem ; (3) 
from seed. (1) Btj root-buds . — From October to March the roots 
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of the vigorously growing trees are lifted (choosing those 3 c.m. 
(say 1 J inch) in circumference). They are cut into pieces of 30 c.m. 
(say 12 inches) or even 15 c.m. (say 6 inches). Then, in the month 
of March, choosing preferably a sandy soil, alongside the em- 
bankments, roads, rivers, these buds are planted. The cutting is 
planted on the slant, leaving 3 c.m. (say IJ inch) above the 
ground. In the month of May the young buds begin to sprout. 
A slightly different method consists in conducting these propagat- 
ing operations in a nursery, in the month of March, and trans- 
planting them to the open field in the month of April of the 
following year. Such plants yield varnish in 55 years. But 
the long and costly budding process is but little used, the more 
BO as in stripping the tree of its roots it may be seriously injured. 
(2) By slips . — Cut from the stem of adult trees. The plants reared 
from slips are also so far developed after five to six years as to 
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yield varnish. It will be seen that this is a convenient method 
which should be adopted where practicable. (3) By seed . — This is 
the most practical and most general method. It will therefore be 
given here in detail. At the end of October, or in November, when 
the fruit is quite ripe, it is gathered and crushed in a wooden 
mortar, so as to detach the two exterior envelopes of the pericarp, 
leaving the kernel covered with the waxy matter contained in the 
mesocarp. They are then washed in an alkaline lye of potash 
or soda. The nuts which float on the liquor are worthless, and are 
rejected. The kernels are then packed in straw sacks and preserved 
during winter. In the beginning of March the sacks, with their 
contents, are steeped in running water for ten days to hasten 
germination. If there be no running water in the neighbourhood, 
care is taken in the beginning of winter to inter the sacks contain- 
ing the kernels under 12 c.m. (say 4i inches) of earth, in a spot 
neither too dry nor too moist till the spring, when they are then 
sown, directly, in a nursery. The seed is sown in the middle oi 
March. At the end of the preceding summer a good soil has been 
chosen as a nursery seed bed and carefully tilled to a depth of rather 
over a foot, and to which human excrement or horse dung has been 
applied. In autumn the soil is again tilled. In spring, at the 
time of sowing, the ground is tilled afresh, during which it is 
formed into raised beds, 75 c.m. square and 18 c.m. in height. 
The seed is sown on these beds at the rate of 45 to 54 seeds per 
bed. They are covered by a layer of soil about J inch in thickness, 
or with straw, and watered every evening. At the end of three 
weeks, when the seeds have started to sprout, the straw is removed. 
The young plants must then be protected from the sun. Weeds 
are carefully removed. At the end of September the protection 
from the sun is removed. In the following March the plants, 
9 c.m. (3^ inches) in height, are transplanted into another soil 15 to 
20 c.m. (say 6 to 8 inches) apart. Those under 9 c.m. (3^ inches) 
must wait. After two years, in the month of October, they are 
definitely transplanted into the open field ; the young trees are then 
25 to 30 c.m. (10 to 12 inches) in height. In another method the 
young trees are first transplanted when two years old and definitely 
transplanted w'hen five years old and 90 c.m. (3 feet) in height in the 
middle of March. The varnish-trees are planted 1^ metres (say 5 
feet) apart on the flanks of the mountains, on the embankments, 
in trenches along the roads, etc. Bandy soils are best. Trees 
raised from seed yield varnish when ten years old when 4 to 5 
metres (13 to 16 feet) high. But the yield is most abundant when 
they are between twenty-five and thirty years old. It appears 
that there are two varieties of varnish-tree, a thin- and a thick- 
barked variety, and that it is the latter which yields most varnish. 
The variety known as naqni yields the best quality lacquer. It is 
known by its leaf, longer and thinner than the others, and its thick 
bark. Trees with thin leaves as well as thin bark yield the least 
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lacquer. The species called Sekiboka or barren tree is the worst, 
yielding little or no lac. It is diflicult to recognize except by an 
incision in the bark. If the bark be hard it is a Sekiboka. 

In several Japanese provinces the male stocks are said to be 
carefully ditferentiated from the female stocks, the former alone 
yielding varnish, the latter only yielding wax-producing fruit. The 
Rhus veniicifera being polygamous these assertions aie not quite 
correct. It appears, in fact, that under certain conditions the in- 
florescence may l)e predisposed to produce male flowers, and in 
other cases female flowers. The latter are soon transformed into 
fruit rich in wax. Now, as it is admitted that the yield of varnish, 
is in inverse ratio to that of wax, the male stocks would be the real 
varnish-tree. It is probable after what has been said of the deter- 
minism of sexuality amongst plants, that the greater the vitality of 
the plant the greater is the abundance of female flowers. In any 
case, the Japanese seem to modify their treatment of the tree accord- 
ing to whether they wish it to produce varnish or wax. In order 
to produce female stocks they use a larger quantity of manure. 
However, some growers say they make no difference in the treat- 
ment of male and female stocks, and that it would be difficult to 
say which of the two yielded most varnish. The harvest com- 
mences at the end of May, br in June, and ends in October. The 
prime quality is collected between June and October. After the 
middle of October the exudation diminishes and the quality deteri- 
orates. This constitutes the second quality and does not dry so 
quickly. The third quality, got from cut branches, is inferior. The 
really superior varnishes seem to be got in July and August. The 
trees are tapped as follows : At a height of 30 or 40 cm. (12 to 16 
inches) from the ground the surface of the bark over a certain space 
is scraped with a tool called a koshumara. In the middle of the 
cleaned strip a horizontal incision of 10 mm. is made with another 
tool called a kakvjama in about three points round the tree. The 
varnish exuding from these small incisions is removed with the 
kara and placed in a bamboo tube which the collector carries. 
Then new, longer but parallel incisions are made above the first, 
proceeding in this way from below upwards. ' The varnish is 
collected as the work proceeds and placed in the bamboo pot. 
Then the workman passes to another tree. When he has gathered 
the product of five or six trees ho returns to the first and collects 
the lac which has exuded from the original incisions. As the 
varnish soon assumes a brown or a blackish colour no time should 
be lost in collecting it. The incisions should be about 5 mm. 
apart and should not penetrate further than the bark so as to 
husband the vital powers of the tree. New incisions are made a 
little higher up, and even on the big branches, according to the 
vitality of the plant. When all the trees are tapped the branches 
are lopped off and out into sections 75 cm. (say 30 inches) long and 
the Bec’.ions made into bundles of twenty. They are placed upright 
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in water to three-quarters of their height for six to eight days, when 
the bundles are taken out of the water and incisions made on each 
fragment about an inch apart, and the varnish which exudes is col- 
lected. The collector taps about 200 trees daily. The yield of a tree 
depends on many circumstances — its age, vitality, the soil, the 
vai’iety to which it belongs, etc. But speaking generally, it may be 
said that a tree of 15 to 21 cm. in circumference (6 to 8 inches) may 
yield in a season from 90 to 95 grammes of varnish (say 3J oz.). 
In more favourable circumstances as much as 150 grammes (say 5 
oz.) may be got. It has been observed that it is after rain and in 
dull weather that the exudation is most copious. When it rains the 
rain deteriorates the varnish, and penetrating by the incisions may 
injure the tree. It is therefore better to stop collecting the resin 
in rainy weather. The varnish collected in bamboo pots is run 
into small barrels called oh'\ and finally into casks, where it may be 
stored for ten years without alteration. To estimate the lac crop, 
trees are incised here and there and the crop estimated from 
the flow. This is termed koktii. The quality is tested as it flows 
from the incisions. In a good season it is sweet, in a bad one 
bitter. 

The lac gathered from the commencement of June to the 10th 
of October, the period in which the tree produces the most, is the 
best. This is the first quality. From the 1 0th of October to tbe 
end of the month the lac diminishes in quantity from day to day 
and the quality is not so good. This is the second quality. When 
it is very hot the juice runs from the trees like oil. Nevertheless, 
not much is produced. The weight is very much less, but the 
quality is good. In rainy weather, and especially when it is misty 
after a rain, the crop is very much more abundant, but the lac is 
somewhat inferior. The juice which runs from the incisions is 
collected and put into a small vat. The lac thus obtained by 
steeping the branches is the third quality, and is called Heahima 
urushi. 

The first operation to which the crude natural varnish is sub- 
jected before being used as a lacquer is to evaporate the water which 
it contains. To effect this the varnish is filtered through cloth and 
the filtered liquid collected in a wooden vessel in which it is con- 
stantly stirred in the sun by a workman. The water may also be 
evaporated from the varnish in a porcelain vessel over a gentle 
wood-charcoal fire. In either case the varnish becomes gradually 
darker in colour. When on spreading it on a wooden slab the 
lustrous layer is seen to dry sufficiently quick, it is again filtered 
through cloth packed with waste. The lacquer after evaporation 
and filtration is mixed with different substances, such as lampblackt 
vermilion, indigo, orpiment, so as to produce the various varnishes 
used to lacquer objects in Japan, black, red, green, and violet lacquer, 
etc. Some of these mixtures are even, it would appear, kept secret 
ly those in the trade. 
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The varnish with an uritshi base dries rapidly when , applied in 
9 , humid atmosphere and very slowly in a dry one. On the other 
band, they all darken in the sun and even in diffused daylight. 
The varnishes are therefore applied in badly lighted or even dark 
rooms, and in the intervals between work they are kept in perfectly 
dark, humid, and unventilated apartments. Japanese varnishes are 
not so transparent as European, but soften less on heating and are 
more elastic and durable. The fastidious methods of lacquering 
now in vogue or those w'hich have been in vogue in Japan are too 
detailed for minute description. The process was conducted in 
accordance with very minute and detailed rules on which the per- 
fection of the lacquer depended, and entailed much time and laborious 
manipulation. The modern Japanese could hardly submit to 
retain such costly processes. The ancient lacquers are therefore 
intinitelv superior to those of the present time, as is attested by the 
following fact. The steamer “ Nile ” bringing back the artistic objects 
which were exhibited at the Vienna Exhibition foundered in water 
about 11 fathoms deep, near Cape Idson. The Japanese Govern- 
ment engaged divers to recover what they could of the cargo, and, 
inter alia, the lacquered articles, which had remained fifteen 
months at the bottom of the sea. Whilat all the old lacqnerii were 
in a state of perfect preservatim, the recent ones were Irretrievably 
mined ! 

The chief varieties of lac used by the Japanese are:— 1. Ki 
urushi , — The lac or varnish as it comes from the tree. 2. Tatchiki 
uriishi . — Is lac filtered through a coarse sieve or paper (?) Ki-sho-mi 
of Rein. — This filter paper is the Yashino gani. 3. Seshimc urushi . — 
The filtered lac to which a greyish tint has been given by filtration, 
evaporation and stirring. 4. Djohana urushi . — Prime quality black 
lac. 0. Djotchu or Djonaka urushi . — Second quality black lac. • 
(5. Naritate urushi . — Another second quality black lac. 7. Xaka 
nuri urushi.— Bhick lac used as inner coat. 8. Koiro urtishi. 
Black lac for last coat. 9. Nasidji urushi— \ yellowish or brownish 
lac imitating the rind of a pear. Gold dust is mixed with it. 
10. Shu urushi — Red lac. 11. Shunkei urushi. A light brown 
lac. The lac called hana urushi is composed of. 375 parts of lac, 75 
parts of oil, and 7i parts of iron filing. To make the .shu urushi 
or red lac, the flower of the Gardenia florida is steeped in vrater^ 
then dried completely in the sun and added with oil and vermilion 
to the lac. In preparing the black lac the shunkei urush i is exposed 
to the sun in a round tub, w'hilst a workman constantly stirs it up 
with a spatula. At the end of a day the lac has turned entirely 
black. The operation is facilitated by adding a little tetsuko or iron 
.filings in rice vinegar. The following day the lac is filtered through 
filter paper to take out all dust, sand, or other foreign matter that 
may have fallen in. To prepare a red or a yellow lac it is merely 
necessary to add a red or yellow pow’der to this same shunkeit 
stirring constantly so as to have a thoroughly intimate mixture. 
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With these coloured lacs the true colour is hardly produced until 
the lacquered article has been allowed to dry (or two or three weeks. 

In lacquering the necessary instruments are : — 1. Shirato . — A 
polishing stone. ‘2. Homkkumi. — Charcoal made from the wood of 
the Ma'jnolia hypolcuca, a large Japanese tree. 3. Bohosimi . — 
Cherry-tree charcoal. 4. Tsunoko . — Polishing substance obtained 
by burning the antlers of the stag. 5. lounko , — .\ fine powder 
which remains on the sharpening stone after having sharpened a 
knife. 0. Shibn . — The sap of the diospyrus kaki. 7. Djhioko . — 
Burnt potter s clay. 8. Goftni . — Another sort of burnt potter’s 
clay. 9. Hith \ — The lacquering brush. 10. IL'm . — spatula of 
flat thin wood. In lacquering, a first coat of No. 3 (p. 243) is given, 
when dry a second coat is given of 3 mixed with 5 Sabi, applied 
with the Hna 10 (p. 244). A third coat, mixture of 3, 5 and 7 (p. 
243), is then applied with the Htra. The fourth coat, nwasabi, is like 
the third, but less of 5 is used, being more fluid it is applied by brush. 
After each coat the object is polished with the Shirato. It is then 
covered with (3 ))). 243), mixed with soot, and when dry rubbed with 
sandpaixjr. Coloured coats according to tint desired are then given. 
Two, three or four of these coats are a})plied before final one, and 
l)etween each the article is polished by magnolia charcoal and then 
with cherry-wood charcoal. It is often a month before the tnie 
lustre shows. 

Tschirsch and Stevens investigated the composition of Jai)anese 
lac. They obtained the following results : Matter soluble in 
alcohol, 72*4 ; soluble in water, 4’05 ; moisture, 21*20 ; and in- 
soluble matter, 2*35 per cent. The portion soluble in alcohol, 
termed urushinic or laccic acid by Yosihda and laccol by Bertrand, 
was found not to be a pure substance, but was se})arated into two 
fractions, the one soluble and the other insoluble in petroleum 
ether. The portion soluble in petroleum ether was found to consist 
of three products : a gum, a toxic, or poisonous substance, and an 
enzyme. Free acetic acid was also found to be a constituent of the 
lac. On exiK)sure to air lac hardens and blackens, this being due to 
the action of an oxydate-laccase on the resins. If the lac be 
sterilized by heat this hardening does not take plact), and if the lac 
be sterilized and then treated with alkali it blackens immediately, 
hut it does not harden on ex|)OHure. Two bodies separated from 
lac, named uiushin and oxyurushin, contain nitrogen, the figures 
for the latter corresjjonding to the formula but neither 

urushin nor oxyurushin shows acid functions like the true resins. 
The toxic or poisonous body present in lac is non-volatile ; contrary 
to the statements of some chemists, it has not yet been obtained in a 
pure state, though it has been separated as an oily liquid. It has a 
powerful action on the skin, causing acute irritation and inflammation. 

Japan Lac . — The juice of the lac tree {Hhun vcrnicifera) has 
l)een further examined by K. Miyama, who found that this material, 
treated with alcohol and filtered, and the alcohol removed^ left 
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about 80 per cent of crude so-called “ urushinic acid,” which was 
purified hy I'epeated treatment with petroleum spirit. The filtrate 
was evaporated, first at ordinary pressure, and then under dimin- 
ished pressure, leaving a residue which was found to distil in vacuo 
to the extent of about 41 per cent without decomposition. The 
distilled portion consisted of a light brown viscous liquid, having a 
specific gravity at 21*5" (1 of 0’9687, and dissolved easily in the 
ordinary solvents. It contained no nitrogen, and gave the same 
reactions as the undistilled product. From an examination of this 
product Miyama came to the conclusion that it contained two 
phenolic hydroxyl groups, and that therefore the name “ urushiol ” 
would be more appropriate than “ urushinic acid ”. Tlie distilled 
substance has practically the same composition as the undistilled 
product, which gives carbon 79 85, hydrogen 9‘75 per cent, and it 
may be that the portion which did not distil over is a polymerized 
substance of high molecular weight. 

Kisaburn Miyama, in his ” Kecent Research on the Composi- 
tion and Technical Value of Chinese Lac(iu(5r,” prefaces his ac- 
count of his investigation and description of his methods l)y the 
following forcible comments: “.lapanese lacquer, or urnshi, is a 
milky juice exuding from the trunk of the lac(iuer-tree or IJrushifiase 
(Hlim cenilclfv.nl, !).(/.), and is very widely employed in the manu- 
facture of lacquered wares in .lapan. The milky juice, called raw 
lacquer or ki’tn'ushi, loses its moisture, on exposure to the sunlight 
or on warming, and Ixjcomes a brown oily liquid. For practical 
purposes the moisture of the raw lacquer is expelled, and oils, 
colouring matter, etc., are added ; the lacquer thus obtained is 
called finished lacquer, or seiHhi-itruslii. The raw lacquer consists 
mainly of a brown liquid, gum-arabic, enzymic nitrogenous matter, 
and moisture. The brown liquid, the predominant and most im- 
portant constituent of the lacquer, was named (inn^hic arid by 
O. Korschelt and H. Yoshida, who iiivestigated the subject some 
twenty years ago. .\ccording to these investigators, the brown 
liquid is a monobasic acid of the formula and is oxidized 

to oxyurushic acid, on drying. However, the series to 

which this acid belongs has not yet been determined, and, further- 
more, its behaviour is different from that of acids. .Vs a matter of 
fact, characters common to organic acids are not found in it, and so 
it cannot be proved to be an acid. Recently, Tschirsch and B. 
Stevens suggested that it was a resin of the empirical formula 
Ciy 2 Hj 3 ,^N.p,„ and named it urnshin. However, the presence of 
nitrogen is very doubtful, and also the sample analysed by them 
seems to have been already oxidized ))y drying, because its oxygen 
content is far different from that of uiuishic acid, and such an 
analytical result, I believe, cannot be expected from any sample of 
carefully prepared urushic acid. Therefore, the problem of ascer- 
taining the chemical constitution of the principal constituent has 
been especially interesting to me. 
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“ The principal constituent, the so-called urushic acid, is prepared 
best from the raw lacquer by extracting with absolute alcohol and 
removing the alcohol by distillation. The brown liquid thus ob- 
tained reddens a blue litmus paper, but after repeated washing with 
a large quantity of hot water, the acid reaction is transferred to the 
washings, and the brown liquid no longer reddens the test paper. 
The washings contain a little acetic acid and an extractive matter 
which resembles gum-arabic in its appearance, but differs from the 
latter in its composition and solubility in absolute alcohol. Old 
samples of the brown liquid are partly changed to a thick liquid 
insoluble in petroleum ether. Therefore, the constituent for in- 
vestigation was purified by repeated washing with a large volume 
of boiling water, and by extracting with ten times its volume of 
petroleum ether. It is not certain that the constituent thus purified 
is a strictly pure compound, but since no other method of purifying 
has been found, it is assumed to be a pure compound. The raw 
lacquer for investigation was collected in the province of Yamato 
under special supervision, and was warranted free from admixture. 
The principal constituent consists of carbon, hydrogen, and oxygen, 
and the percentage composition is as follows : — 



C. H. 

O 

1 . . . . 

. 78i4H 

11 •U7 

2 . . . . 

. 7HM)H UMi.") 

12*32 

Average 

. 7w-2.) 

121') 


. 7H-10 iro-*) 

12-25 


“The molecular weight determined by Raoult’s method is 509. 
From the above result it appears that the molecular weight of the 
constituent corresponds to 

Summanj. — The principal constituent of the lacquer is an aro- 
matic comjmnid containing carbon, hydrogen, and oxygen, the latter 
existing in the state of hydroxyl. It shows ])henolic character in 
its behaviour, and contains at least two phenolic hydroxyl groups in 
the ortho-positions. It is an unsalurated covipcnind and absorbs eight 
atoms of halogens in the molecule. Therefore, the principal con- 
stituent is a jKjlyhydric phenol containing unsaturated radicles in its 
side chains, and I propose for it the name urmhiol. 

“ Properties of the Lacqner, — The raw lacquer consists of moisture, 
urushiol, gum-arabic, nitrogenous matter, and some added oils. 
The compositions of the specimens of superior lacquer are as fol- 
lows : — 

TABLE LXIX.— CO.MPOSITION OF SAMl'I.ES OF HIGH CLAHS 
JAPANESE LACQUERS. 


K|)ediQ«n. ; 

.MoUtiirc. 

j rniifhiol. 

: (iuiD. 

NitroKfituiiH Matter. ' 

No. 1 

9*32 

HC'«7 

2-40 

1-25 

No. 2 

12-21 j 

30*33 

: 6-69 

1-47 

No. 3 

10*94 

84*58 

1 3*25 

1-28 
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“ The specimens of raw lacquer found in commerce vary to a 
considerable extent, their quality depending mainly on the locality 
and the period in which they are collected. The specimens col- 
lected from the same lacquer-tree at different periods gave the fol- 
lowing compositions : — 

TABLE LXX.~ COMPOSITION OF LACQUERS FROM THE SAME 
LACQUER TREE AT DIFFERENT PERIODS. 


1 

I 

! 

Moixture. 

1 Urushidl. 

i.. i 

Gum- 1 

XitrojjeiiouH 

Matter. 

Saknri-tn'Huhi 

17-81 

77-03 

1 2-02 1 

1-04 

(From July 11 to AiiKUst 31.) 
Urnnic-urffsJii 

22'<51 

70-20 

4-74 

2-45 

(From September 21 to October 10.) 
Tome-nrnahi 

23-30 

00-00 

7-57 

2-47 

(From October 11 to 31.) 
Scshinie-nnisln 

1 27-02 ! 

04-14 

0-40 

1-78 


(Collecte<l from the brnuche'' duv- ' ' ! I 

in^' Novemlu-r.) ' l t 


“ Sakari-nnisiii which is collected during the heat of summer 
is of the best quality, and when freed from moisture it contains 
urushiol 94‘o per cent. 

“ The lac(juers imported from China and India are far inferior in 
quality, as is shown in the following analyses : — 

TABLE liXXL— COMPOSITION OF CHINESE AND INDIAN LACQUEhS. 



Moisture. 

riusluiil ami Oilx 

(^nni. Nitro^-emms Matter. 

Chiiiei>r UtC'iiu'v (superior) 

20-37 

70-02 

7-72 2-34 

,, ,, (middle) 

30-74 

55*88 

11-78 1-00 

., ,, (inferior) 

30-85 

30-88 

•23-55 2-72 

India n ,, (middle) i 

33-38 

20-30 

37-78 2-45 


“ Among the constituents of the lacquer the most important is 
urushiol, and the more of this it contained the better is its quality. 
Gum-arabic is of no value, and the more of this there is the more 
inferior is the quality. The nitrogenous matter is a constituent 
necessary for the drying of the lacquer, which, without it, is im- 
possible. It differs from albumen in its composition, and consists 
mainly of an oxidation enzyme. 

“ The lacquer spread in a thin layer dries rapidly in a damp at- 
mosphere and hardens to a lustrous coating which is extremely 
stable and resistent to various solvents and chemicals. For the 
drying of the lacquer, the presence of moisture and a temperature 
between 10'* and 30’ C. are necessary ; for this reason the lacquer 
dries more slowly in a dry season than in a wet season ; and in the 
winter than in the summer. The drying of the lacquer is much 
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retarded by warming to a temperature above 50“ C., and us arying 
quality is entirely suspended by keeping it at a temperature of 70” 
and 80“ C. ; in this respect the drying of lacquer differs from 
that of drying oils. Drying at a high temperature, however, by no 
means requires the presence of moisture or enzymic nitrogenous 
matter. In a steam-oven or an air-oven with a temperature above 
100" C., the lacquer dries within four or five hours, and the higher 
the temperature is the more rapidly it dries. For instance, at 150" 
C. it dries within thirty minutes, and at 180 C. within ten minutes. 
Dacquer which has lost the drying quality, or ev^n urushiol which 
does not dry by itself, dries readily at a temperature above 100” C. 

“ The Increase in Weujhi of the Lacquer on Drying at an Ordinarif 
Temperature, — When the lacquer dries, its weight is more or less 
increased by the absorption of oxygen. However, the increase of 
weight during the period in which the lacquer is hardenitig to a solid 
film is not considerable; but the increase continues at least for three 
months and becomes a considerable amount. This fact is shown by 
the following experiments : The raw lacquer spread in a thin layer 
inside a beaker was dried in a dessicator over night and the lacquer 
thus freed from moisture was weighed ; next, it was dried {hardened) 
in a damp cupboard for two days, and after drying in a dessicator 
over night was weighed again. The same operation was repeated 
several times and the increase of weight was observed. Lacquer, 
0'6066 grammes; lacquer, after drying for two days, 0*6167 
giummes ; lacquer, after drying for ninety days more, 0*6415 
grammes ; increase of weight in ninety-two days equals 0*0349 
grammes, equals 5*75 per cent of the lacquer. The lacquer com- 
pletely hardens in the first two days, but the increase of weight does 
not cease then. 

“ Technical Analysis of the Lacquer. — The value of lacquei' is 
dependent upon the durability, the transparency, the colour, the 
lustre, and the smoothness of the lacquer coating, and upon the 
viscosity and the drying time of the lacquer. The chemical analysis 
of the lacquer generally employed is as follows : About 1 gramme 
of the lacquer is dissolved in 30 c.c. of absolute alcohol, filtered 
through a tared filter and well washed with absolute alcohol. From 
the filtrate and washings the alcohol -soluble matter (a mixture of 
urushiol and oils) is determined after eva])orating the alcohol. 
Next, the residue on the filter is washed repeatedly with boiling 
water; and from the washings and the insoluble residue, the water- 
eoluble matter (gum-arabic) and the nitrogenous matter are respec- 
lively determined. Thediflerence between the weight of the sample 
and the sum of the alcohol -soluble, the* water-soluble, and the nitro- 
genous matter is taken as moisture. The constituents of raw 
laequer to be estimated are moisture, urushiol, gum-arahic, nitro- 
genous matter and some added oils ; and those of the finished lac- 
quer are, in addition to the above, colouring matter, drier, and 
acme other added substances. Owing to the constant admiiture of 
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•oils in the lacquer, it is desirable to have a complete method of 
separating the urushiol from the oils and other added substances. 
In the usual method of analysis, however, it is almost impossible to 
separate the urushiol from the oils, therefore I tried to find a new 
method of determining the urushiol. 

New Method of Detcrminimj Unishiol . — Urushiol is detected by 
the following tests : With ferric chloride a highly diluted solution 
•of urushiol gives a green colour which turns red on the addition of 
sodium carbonate. With ammoniacal silver nitrate, it forms a 
silver mirror in the cold. With barium hydroxide, the solution 
•deposits a characteristic green precipitate. Among these, the re- 
action with barium hydroxide is the most important, and is em- 
ployed for the estimation of urushiol. If a slight excess of a barium 
hydroxide solution is dropped into an alcoholic solution of urush- 
iol, with the previous addition of a few drops of phenolphthalein 
solution, a green precipitate of barium salt is deposited, and the 
supernatant liquid is coloured pink. Therefore, urushiol may be de- 
termined volurnetrically with a standard barium hydroxide solution. 
The barium salt is more or less decomposed when water is present ; 
for instance, if a titrated urushiol solution which is not yet alkaline 
is diluted with a small quantity of w’ater, it becomes fairly alkaline. 
Thus the quantity of barium hydroxide absorbed by urushiol varies 
with the strength of the barium hydroxide solution and the quantity 
•of alcohol used in the titration. The following table shows the 
results of the titration of 1 gramme of urushiol w ith barium hydroxide 
■solutions of various strengths : — 


TAIJLK LXXII.— RESULTS OBTAINED BY TITRATING URUSHIOL WITH 
N N N N 


4 H 10 


BARIUM HYDROXIDE SOLUTIONS. 


Exi.. 

Alt'olu'I I’Heil. 

lta(OlIVj 8ol. 
Reqniv«(l. 

CalcnlKte<l as 
NKa(OH )3 8ol. 

(1) 

2o0 c.u. Hbd. alcohol 

7-0 o.c. N. 8ol. 

7*0 c.C. 

(2) 

2.50 

I 24 0 „ „ 

6*15 „ 

(8) 

250 „ „ 

'' Ai r N 

i ” 8 ” 

5-10 „ 

(4) 

250 „ 07 i^er cent alcohol 

1 

' r N 

10 

•V15 „ 


“ From the above experiment it appears that the barium hydroxide 
solution aad the alcohol to be need in the titration must be of a 
•definite strength, and the quantity of alcohol must be in a definite 
proportion relative to that of the urushiol to be titrated. In practice, 
it is convenient to use 200 to 260 c.o. of absolute alcohol for every 
igramme of urushiol, and the quarter-normal barium hydroxide 
solution in the following way : About 0‘5 graiome of the urushiol 
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under examination is dissolved in 100 to 125 c.c. of absolute alcohol 
with the addition of a few drops of phenolphthalein solution, and 
titrated \rith the quarter- normal barium hydroxide solution, until 
the supernatant liquid gives a pink colour. By this method six 
samples of urushiol were titrated with the following results : — 


TABLE LXXIII.— RESULTS OF TITRATION OF SIX SAMPLES OF 
URUSHIOL. 





Normal 


SubstAiice _Ba(( > H ).» sol . 

Ba(OH )o Md. 


Taken. Required. for 1 gramme 




1 rtiiihiol. 

Urushiol (*2) 

i (3) 

0’*24(>6 gramme Ir05 c.c. 

6-135 c.c. 

0-30ol 

,. 7-60 „ 

6-146 „ 

0-3074 


6-138 „ 



Siibsitancc ^ na(( >H wl 

I'nishiid 



Taken. ^ Ue«inired. 

Found. 

( Uruah'wl \ 

Mixture of [ 30*o0 » 

0-1777 gnimme 3-06 c.c. 

60*03 per cer.t 

< Urushiol 
" ” < Mixed Oil 

60-87 ) 

0-4023 „ 7-26 „ 


40-13 • 


Impure Urushiol ftoni 
ferior lacquer 

an in- 

0-3074 „ ()-!)6 „ 

01-16 „ 

“Since the first 

three 

experiments show that 

1 gramme [of 


urushiol requires 6*14 c.c. of the normal barium hydroxide solu- 
tion, the percentages of urushiol in the impure samples are 
calculated from the results of titration according to the fornnila : 


Urushiol == , x 100 where V = volume in c.c. of the normal 

b'14 

barium hydroxide solution requiied for 1 gramme of the samj)leM. In 
the above titration, the oils remain inditterent and the quantitative 
determination of urushiol is effected. The quantity of the barium 
hydroxide absorbed by urushiol increases as the strength of the 
barium hydroxide solution increases, and gradually approaches the 
theoretical number calculated from the equation :■ — 

+ 2Ba(OH), = C,, 11^,0, Ba, + 2H,0. 


But it falls to one-half of this number when the i}recipitated 
barium compound is decomposed with a large quantity of hot water 
and then titrated back with a standard hydrochloric acid. 

The composition of the barium compound, precipitated from the 
urushiol solution wdth barium hydroxide, varies with the quantity 
of the precipitant and the condition of preparation ; but certainly 
the salt is an urushiolate which has absorbed a largo quantity of 
oxygen. For instance, the compound precipitated from the urushiol 
solution with 75 per cent of the theoretical amount of barium hydrox- 
ide and washed with absolute alcohol gives the following composi- 
tion : — 


c. II. o. Ua. 

51'40 015 16*74 26*71 
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“ These figures correspond to the formula show- 

ing that the composition of the urushiolate is indefinite. The 
urushiolate absorbs oxygen rapidly, and the original urushiol 
cannot be obtained on decomposing it with acids. When the newly 
precipitated barium urushiolate is thrown into a large quantity of 
water without delay, and well washed, a different kind of barium 
salt is obtained, which gives the following composition ; — 

TABf.E r.XXIV.-COMPOSITIOX OF BARIUM URUSHIOLATE. 


No. 1 


I (1) • 


c. 

. 56-44 

H. 

6-71 

(). 

17-i5 

Bu. 

19-60 

- (‘-21 • 

V Mean . 


. 56-15 

6-64 

17-56 

10-65 


. 56-30 

6-67 

17-40 

10-63 

j (1) . 


. 56-06 

6-60 

l.S-07 

10-27 

0) . 


. 56-00 

6-60 

lS-02 

10-20 

1 Mean. . 


. 5(*-0H 

6-65 

lH-04 

10-2S 

leiiuires . 


. 56-54 

6-70 

17-73 

10-03 


“Tliis barium salt gives an almost definite composition coi’re- 
sponding to the foimula and contains eight atoms of 

oxygen in one molecule, that is to say, twice the number of oxygen 
atoms contained in urushiol. Barium urushiolate is insoluble in 
petroleum ethei’ and cold alcohol, but soluble in chloroform.” 

Japanese Lac . — A further communication on this subject is 
made by ^liyama, who states that urushiol has the composition 
and is a divalent phenol. Then follows a long communi- 
cation on the action of ozone on the dimethyl ether, with the 
formation of bodies which he terms “ oxonides,” the examination 
of which is stated to throw much light on the constitution of this 
compound, 

“ Analysis of Haw Lacquer. 3Ioistu.re. —About I gramme of 
lacquer filtered through a cotton cloth is weighed into a beaker and 
dried on a water-hatli until the liquid becomes transparent, and then 
put into a steam-oven for half an hour. The loss of weight givesthe 
amount of moisture. UrushioL — Lacquer free from moisture is 
dissolved in 10 c.c. of absolute alcohol, and after standing for half 
an hour transferred to a tared filter, and washed with absolute 
alcohol. The filtrate and washings are divided into two equal 
parts, one of which is used to determine the alcohol-soluble matter 
and the other to titrate urushiol with the standard barium hydroxide 
solution. Oils. —The difference between the alcohol-soluble matter 
and urushiol gives the amount of oils. Gum-arabic . — The residue 
on the filter is extracted with boiling water and the aqueous solution 
is evaporated to dryness and weighed. Nitroyenous Matter . — The 
insoluble residue on the filter is nitrogenous matter ; it is weighed 
after drying. 

“ Analysis of Finished Lacquer. Moisture . — Moisture is deter- 
mined in the same manner as in the case of raw lacquer, but it is 
better to take about 2 grammes of the sample. Urushiol , — Lacquer 
free from moisture is dissolved in 20 c.c. of absolute alcohol and after 
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standing for an hour is transferred to a tared filter, and the alco- 
hol-soluble matter is determined. In the case of black lacquer, 
one or Uvo drops of the half-normal hydrochloric acid must be 
added, or the lacquer is not easily dissolved. The alcohol-soluble 
matter is \Yashed first with hot water, next with warm sodium 
carbonate solution, and then with hot water again, and re-dissolved 
in alcohol. The alcoholic solution is divided into two equal parts, 
one of which is titrated with the standard barium hydroxide solution 
in order to estimate the urushiol, and the other is evaporated on a 
water-bath and weighed to determine the sum of urushiol and oils. 
Oils . — The amount of oils is obtained by subtracting that of urushiol 
from the sum of urushiol and oils, (imn-amhk . — This is deter- 
mined in the same way as in the case of raw lacquer, but all water- 
soluble admixtures, such as honey and maltose, come under this 
bead. Xitrogemus Matter . — This is determined in the same way 
as in the case of raw lacquer; but all insoluble admixtures come 
under this head. Ash . — Ash is determined by igniting 1 grannne of 
the lacquer in a basin. Inorganic substances contained in the ash 
often suggest the driers or some of the admixtures in the lacquer.” 

Chinese Lac is extracted from a tree which the Chinese term Tsi- 
tse-chou. But it is hard to say exactly what species is meant. 
Loureiro ( “ Flora Cochinensis,” 1790, p. 3371 describes the varnish- 
tree under the name of Autjia Sinensk, and looks upon it as distinct 
from the likus vernvic of Linneus, which yields Japanese lac. 
According to Pierre, Loureiro seems to have described as his Aiufia 
Sinensis or Cay Sent both lihus succedanea, L., which grows in 
Tonkin and China, and some species of Melanorrhea, which is not 
M. laccifera, since he speaks of 100 stamens in the flower, and as to 
the fruit and the leaves they refer to a lihus. R. Smith inclines to 
think that Chinese lac is the product of a Melamrrhea, as it must 
be observed that the Burmese lacquer, yielded by the M. usUatat 
much resembles Chinese lacquer, and appears to be even an identical 
product. Moreover, it is not impossible for the (Chinese to exploit 
as varnish-trees both a lihus, which would appear to be the lihiut 
vemicifera itself, or an allied species, and a Melamrrhea allied to 
the M. laccifera of Cochin-China or the M. iisitata of India and 
Burma. However that may be, varnish-trees are distributed over 
the equatorial regions of China, in the provinces of Se Tchouan, 
Kouang-8i, and Yunnan. Father dlncarville published a very 
detailed examination of the subject in question in the “ Memoirs of 
the Academy of Science,” Paris, 1760, III, p. 177, and although the 
information given therein is nearly 160 years old, it may yet be 
safely quoted as giving the present facts of the matter, so much is 
the worship of trillion and the spirit of conservatism a distinctive 
feature of the Chinese character. The varnish-tree grows wild on 
the mountains. It is easily reproduced from slips, and grows 
equally well on the plain as on the mountain. When cultivated 
the tree yields better varnish and more abundantly, If oultiyatad^ 
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the varnish is collected three times a year, but only once a year on 
wild trees. The extraction process differs from that in vogue in 
Japan. Three incisions are made on the tree in the form of a 
triangle with the base at the bottom. At the base of this triangle a 
shell is fixed to intercept the resin flowing from the two lateral 
incisions. These incisions are made from below upwards. After 
three hours the shells are detached and the varnish collected into 
bamboo pails hanging from the loins by scooping it out of the shell 
with the finger, previously moistened with the tongue to prevent 
the varnish adhering. Many use a wooden spatula moistened with 
water. The varnish is stored in barrels, the mouths of which are 
closed by a sheet of paper made of hemp fibre. The varnish which 
flows from the wild tree is collected in a very crude way. Cuts are 
made at different heights on the tree and the varnish is collected at 
the foot. The product eventually reaches the manufacturing towns 
in barrels containing 24-30 kilogrammes. At Canton, according to 
Natalis Rondot, an eye-witness, three sorts of lac are to be dis- 
tinguished. The most valuable has a dark caf(^ ait lait colour in- 
clining to red. It comes from Se Tchouan. The second quality 
from the same source is paler. The third quality is still paler, that 
is, a light cafeaii lait or a greyish-rose. Brown colours, darkening 
rapidly in the air, are thus the most esteemed. These are said to be 
the fine and superior lacquers. However, the members of the 
Lyons Commission protest against this current opinion, and assert 
that the palest lac is the best in quality, and it is by an error 
of appreciation and ignorance that the Chinese value chocolate- 
coloured lacquers more highly than pale ones. Formulated in this 
absolute manner, this assertion does not appear admissible, because 
it is in contradiction with the experience of several centuries of the 
Chinese artisans whose skill is legendary. The Chinese are in no-, 
whit inferior to the Japanese in the minute care which they bring 
to bear on the lacquering of articles. The resplendent lustre and 
durability of the lacquers used by the Chinese in the decoration of 
articles of viiiu, ornaments, etc., have for centuries been the ad- 
miration of Western Europe. At first sight their method would 
appear to be altogether different from our own. But on closer in- 
spection it will be found that the principal of both is identical, the 
only real difference being in the material used. The lacquer is 
not employed in the raw state except for ordinary varnishes, when 
several successive coats are given to the article, drying after each 
coat in a dark and humid atmosphere. But for fine varnishes the 
lacquer is treated as follows : It is heated in a porcelain vessel over 
a gentle fire, taking cave to stir the mass with a spatula until all 
the water is evaporated. The evaporation is stopped when the 
liquid flows drop by dro}) and slowly. It is now filtered. This 
purified varnish is not used directly ; it is generally mixed with 
tung oil and different pigments to produce red, yellow, green, and 
V violet lacquers. The drying properties of the tung oil have been 
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increased by exposure to air and sunlight. Father d’Incarville 
distinguishes three kinds of varnish — Nien~tsif Si-tsi, Koiiang-tsi. 
The varnish is first reduced to half its original bulk by exposure to 
the sun, then thickened with about j oz. pig’s gall thickened in the 
sun. After stirring this with the varnish for a quarter of an hour 
they add about 4 oz. of Roman alum per lb. of pure varnish, stir- 
ring until violet bubbles appear. This varnish is Kouang-Tsi. For 
black varnish they add ivory black or hartshorn black and tea oil 
rendered drying by boiling with arsenious oxide or sulphide. 
Further, as a vehicle for pigments the Chinese use a special varnish 
called Hoa-Kin-Tsi, formed by a mixture of equal parts Tshao and 
of Kin-Tsi. They made the first by adding Tung oil to Kouang- 
Tsi and the second by the addition of the same oil to Si-Tsi, and 
in both cases a certain quantity of camphor. The varnishes thus 
made are applied in a very judicious and systematic manner. 
Thus the varnishes instead of being mixed are ai)plied one above 
the other and gold bronze strewed between the two layers, thus 
producing the pretty groundwork on objects of art and of ciriu. 
The varnish is repeatedly filtered before use, four or five times 
in succession, so as to obtain a perfectly homogenous fluid which 
is applied in very thin successive contiguous layers. The Chinese, 
according to Father dlncarville, coloured their varnishes as follows : 
Yellow, orpiment ; red, rcrmilum or mffloicer ; violet, Tscche ~- 
violet stone ; green, a mixture of irulujo and orpiment; white, by 
incorporating silver leaf in the body of the varnish. 

The varnishes now current in China are black varnish and red 
varnish. The first consists of lacquer boiled with white lead, the 
second of this same boiled lacquer and finely ground vermilion, 
titrated together in a mortar. Both are filtered through cloth 
lined with a layer of raw cotton. In all these mixtures the lacquer- 
ing process is identical. The object to be lacquered should be 
very smooth and dry. The first coat is apjdied and exposed over 
a fire of wood-charcoal or to the sun for a few minutes and allowed 
to dry for twenty-four or forty-eight hours. A new coat is applied 
and so on, according to the number of coats to he given. The 
varnishing is done with a pad. Before applying a new coat the 
previous is rubbed down with a polishing stone. Seven to eight 
coats are given to a well-lacquered article. The lacquering is done 
in workshops closed in every direction, so that the work may not be 
spoiled nor the surface granulated by dust or by small insects. It 
is a peculiar fact that darkness and humidity are essential to the 
drying of a lacquer ; the floor of the drying apartments has therefore 
to be moistened in too dry weather. But however carefully and 
minutely fastidious the Chinese artisans may be over their work, 
Chinese varnishes have neither the beauty nor the lustre of Japanese 
lacs. In regard to this point it is narrated that the celebrated 
Chinese Emperor, Kanghi, as great a patron of the fine ar^ as a 
fine connoisseur himself, acknowledged the superiority of articles 



CHINESE LACQUER. 


256 


varnished with Japanese lac. “The application of the varnish,” 
said His Majesty, ” requires a mild, fresh, humid, and serene at- 
mosphere ; that of China is rarely mild, and almost always hot or 
cold or charged with dust and salts. That is the reason why 
articles varnished in China have not got the lustre of those of Japan, 
which being in the middle of the sea has an air more adapted to dry 
the varnish than to wrinkle or tarnish it.” This Imperial opinion, 
•however, is not shared by the reporter of the Lyons Commission, 
who thinks that if the Chinese be inferior to the Japanese in the 
lacquered goods industry, it is because their lacquer is not very pure 
in consequence of shameful adulteration. The most remarkable 
difference l)etween Chinese and European varnish is the fact that 
the quicker European varnish dries the more brittle does the coating 
become, and the greater is its tendency to scale off. The Chinese 
varnish, whilst drying quicker, does not possess this fault. Fine 
<juality Chinese varnish sells from Is. 2d. to 2s. per lb., inferior 
quality from lid. to Is. 2d. per lb. 

\ uniform surface is got by the application of a coat of lacquer 
which is pumiced when dry. The article is covered with a paste 
•of linseed and glue. The lirst coat of lacquer is applied on this 
and at once covered with a very fine linen cloth, which must 
he made to adhere to it in every point. When this is dry it 
serves as the foundation for the thirty-three subsequent coats. No 
intermediate coat can he applied until the previous one has been 
•(1) thoroughly dried in the damp room, dust being rigidly excluded, 
and (2) has been polished with a fine-grained stone, the final polish 
being got by rubbing with hartshorn ash. The gilding or silver- 
ing of a lacquered article, according to Quin, is done as follows : 
A special, very tine textured paper, treated with a mixture of glue 
and alum, is used for drawing the design which has to bo reproduced 
in foil. The design is then traced on the back of the paper with a 
rat-hair brush charged with previously boiled lacquer. The paper 
is then applied to the article and made to adhere by rubbing with 
a whalebone or minoki-wood spatula. When it is removed the 
•design may be developed on the surface of the object by dusting 
on very lightly a white powder by means of cotton-wool. The 
same piece of paper may be used for any number of objects, but re- 
quires fresh use of the rat-hair brush about every twenty times. 
The parts to be gilt are now gone over with a hare-hair brush 
•dipped in raw lacquer. This is a most delicate operation, and of 
•course the lacquer must not go over the boundaries of the design. 
The metal to be used is now applied in fine powder by aid of a pad 
•of cotton-wool. The excess of metal is removed by a brush made 
irom the long winter hairs of a white horse. In the case of a larger 
article only a portion of the object is gilded at a time, and the 
.article is kept from dust in a tightly closing cupboard. When the 
.gilded surfaces are dry the design is covered with transparent 
lacquer and the gilding of another portion is begun. Care, how- 
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ever, must be taken that the parts previously gilded are per- 
fectly dry. When the gilding is finished all the gilt parts are 
rubbed down with a piece of camellia wood-charcoal and finally 
polished with hartshorn ashes and oil applied with the fingers. 

The Black Lacquer of hulo-China is the product of the 
Melamrrhea laccifera, Pierre, which the Annamites call Mu Cay 
Son or Mu Son and the Cambodians, Dorn chhoeu Kruol. Pierre, 
in his “ Flore forestiere de la Cochin Chine, “ describes this species 
as follows : Tree, 15-20 metres ; leaves, oboval, rounded or attenu- 
ated rounded, terminated in a point at the base and decurrent on the 
very short, flattened petiole ; entirely glabrous, coriaceous, furnished 
with eighteen to twenty-four pairs of side as well as tertiary 
veins ; venation more raised above than below ; clusters shorter or 
longer than the leaves, naked at the base, with ramifications some- 
what far apart, papillary or puberulent. Pedicels longer than the 
flower; calyx, glabrous; petals, entirely hairy outside; stamens 
to the number of thirty ; ovary pedicel, pubescent ; ovary, glabrous ; 
drupe, spherical, longer than its pedicel. The 3/. laccifera grows 
in loamy soils all over Cambodia, in the forests of Tayninh, the 
provinces of Saigon and Bien-hoa in Lower Cochin-China. It has 
now retired to the mountains and become rare on the plains. This' 
tree grows very rapidly during the first twenty years of its life, 
after which its growth slackens. It is easily reproduced from seed. 
Pierre (“ Bulletin of the Linnean Society of Paris," 2 December, 
1885) has observed plants reared from seed in rows 3 feet apart. 
When seven years old the trees are 3 metres (say 10 feet) high and 
their trunk is 8 cm. (3 inches) in diameter. Their juice may be 
extracted two years previous to this. The 3/. lacci/cra is thus 
tapped for its resin when five to six yeare old. The Kmers call 
the varnish which it yields Morac or Mairac. The incisions are 
made from December to .\pril, during which period the amount of 
lacquer extracted may amount to 2 litres. The extraction process 
is.simple : The tree is beaten with a bruising instrument and nodes 
of bevelled bamboo inserted as collecting pots and allowed to remain 
for two months. The liquid thus collected may be kept perfectly 
well for several months in perfectly closed vessels, and that is the 
way in which it is sent to market, Pierre declares that it can be 
kept for two years by covering it with a layer of Dipterocarpus oleo- 
resin (gurjun balsam, so-called wood oil), filling the vessels full 
and carefully luting them. When it exudes from the tree this 
lacquer is yellow or reddish, then it becomes a deep black. The 
composition of Mairac is unknown, but very probably it does not 
differ essentially from that of Japanese lac. One thing is certain, 
that like the latter the Indo-Chino lac contains a volatile oil which 
renders it corrosive when fresh, but as it ages it loses this corrosive 
nature when time is allowed for the corrosive principle to be dissi- 
pated by volatilization. Preparation of the Lacquer for VamUhwg, 
— Ih Cochin-China Cay Son lacquer is mixed with gurjun halsam 



INDO-CHINESE LACQUER. 


267 


in the proportion of 2 parts of lacquer to 1 part of wood oil. 
The mixture is first exposed to the sun to give it the neces- 
sary fluidity. It is then passed through a sieve to free it from 
extraneous matter. Purified in this way it forms a very brilliant 
varnish. According to a note published by the “ Eevue Coloniale” 
of 19 May, 1895, a Chinese lacquerer found that candle-nut oil 
{Aleurites moluoanua, Wild), after having been reduced by boiling, 
possesses analogous properties to a quick-drying oil of Chinese 
origin and which the Chinese of Cochin-China use in making their 
varnish. Specimens of wood varnished with lacquer, collected in 
the forests of Tayninh, and candle-nut oil are, it would appear, de- 
posited at the Saigon Chamber of Commerce. Now the oil used in 
China for this purpose is extracted from the seed of a tree which is 
no other than an Aleurites — A. oordata, Stend {Elaeococca verru/eosu^ 
A. Juss), that the Chinese call Tong^ Tse Chou or Oil Tree, and 
the Japanese Wu Lung. It is not therefore surprising that candle- 
nut oil from an allied species should have analogous drying 
properties and should be capable of being utilized in making these 
varnishes. Moreover, according to Lemari6 (“Eev. Cult. Col.," 6 
September, 1899), the Aleurites cordata grows wild in the forests 
of Tonkin. It is the Cay Trau or rather the Cay Dan Son of the 
Annamites. But the colonists of Tonkin confuse it with the A, 
molucanna, under the name of candle-nut tree, a name which only 
belongs to the latter species. Moreover, trau oil has many ana- 
logies with candle-nut oil. It is yellowish, viscous, combustible, and 
much more quick drying. It is used with the lac after boiling. 
It is the wood oil of the Anglo-Chinese market, not to be confused 
with gurjun balsam. 

Use and Commerce. — Indo-Chinese lac is used by the Cambodi- 
ans to varnish de luxe carriages, fancy boxes of betel wood, altars^ 
the doors and columns of pagodas, etc. The Annamites and the 
Chinese also use it to lacquer their furniture and other articles made 
of wood. No trade is done in this lacquer with Europe, but it sella 
very dear in China, where an outlet is found for it, no matter what 
may be the amount dispatched. Its price is about 16 piastrea 
the picul of 60*4 kilogrammes (say 141 lbs.). 

When the Annamites set to work to varnish an article, they at 
the outset fill up all the crevices and pores of the wood so as to 
produce a uniformly smooth surface by applying a priming of lacquer 
with a very short, close brush, after which a thick coat of lacquer^ 
mixed with a white unctuous clay found at the bottom of ponds^ 
is applied, and when dry the surface is well pumiced. If the 
article be carved, clay cannot be used. After pumicing the article 
has a flat appearance and is given a third coat of lacquer, which 
imparts a lustrous but not varnished appearance. Like the Chinese 
lacquer it only dries in moist air. After the third coat has dried 
all that has to be done is to varnish the article and give it any 
desired colour, and this coloured ** enamel’* is applied in one 

17 
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operation. Except by the use of metallic powder or foil the laoquet 
oah only be coloured black, brown, or red, thus : — 

(1) Black. — Turpentine resin is heated above its melting-point 
for twenty minutes and then run into three times its weight of 
lacquer. Copperas and green vitriol is added at the same time 
and the mixture stirred for at least a day, sometimes longer. (2) 
Chestnut Brown. — The same process as above, substituting vermilion 
for one-half of the copperas. (3) Bed. — The lacquer, first stirred 
for six hours, is mixed with hot trau oil (wood oil) and the stirring 
is then continued for a day. Vermilion is then added, and must be 
of the best quality so as to yield a permanently brilliant colour. 
This finishes the lacquering, but on gilded parts the leaf is applied 
in a mixed vehicle of trau oil and lacquer, all mixtures of these 
two vehicles being carefully filtered through cotton-wool resting on 
a silk cloth before use. The final coat is applied some months 
after the gold leaf, but if tin or silver leaf has been used it can be 
applied in a few days, and imparts a gold-like appearance to these 
two metals. The tint if too red at first becomes quite brilliant in a 
few months. 

Burmese and Siamese Lacquer. — This lacquer differs very little 
from that of Cochin-China and Cambqdia. It is the product of the 
MeUmorrhea usitata, Wild, a tree of about 80 feet in height,. grow- 
ing in Burma, the Malacca Peninsula, and Siam. The young 
trees, leaves, and infloresences are covered with hair. The leaves 
have the same shape as the M. Icxcifera, but as just said they are 
hairy; moreover, the secondary veins number twenty-eight to 
thirty pairs. The infloresences equal the leaves, the pedicels are as 
Ipng as the flowers. The calyx is hairy like the corolla, whilst it 
is glabrous in the preceding species. There are thirty stamens or 
more. The ovary is hairy and the drupe subglobular. As a matter 
of fact, the.M. lacdfera, with the exception of the corolla, is a 
generally glabrous plant, whilst the M. usitata is hairy. This tree 
is exploited for its lacquer in Burma and Siam. As in Indo- 
Ghina, the extraction process is very simple. Nodes of bamboo 
are out bevel-shaped, implanted in the bark, and left there for a 
longer or shorter time. A hundred of these bamboo recipients may 
be fixed in the trunk and large branches of the tree. The lacquer 
is collected in Burma during the time the tree is deprived of 
leaves, which is also the period when the lacquer flows most 
abundantly. A tree may yield annually kilogrammes (say 3^ 
lb.) of crude varnish, which as it exudes from the tree is of a lead- 
grey colour, but is not long in becoming, in contact with the air, a 
brilliant black. The lacquer may be us^ for the same purposes as 
the Cochin-China lacquer. An interesting account of the Burmese 
lao is given by P. Sing in the ** Indian Forest Records " for 1909, 
pp. 287-308. This product is obtained from Mekmorrhea usitata, a 
tree closely related to Bhtu vemiaifera, from which the Japanese 
laequer is obtained. The method of collection is to make a V-shaped 
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cut in the stem, the sap being collected in a bamboo cup fixed below. 
The crude varnish is purified by straining through a cloth. The 
lacquer is a thick, greyish fluid, with a specific gravity at 20® C. 
of 1*0016 (Japanese lacquer = 1*0020). It was analysed by the 
methods of Ishiwatsu and Yoshida and was found to consist of a 
resinous extract soluble in hot alcohol, albuminous matter soluble 
in water and precipitated by boiling, gummy substances, a small 
quantity of fatty matter, and a residue insoluble in alcohol and 
water. The principal constituent of the lacquer was found to be 
“ urushic acid " The following analyses show the com- 

position of Burmese lacquer compared with the Japanese lac : — 


TABLE LXXV.— COMPOSITION OF BURMESE AND JAPANESE LACQUERS. 



Burmese Lacquer. 

Japanese Lacquer. 


1. 

2. 

1. 

2. 

Alcoholic extract (urushic acid) 

. 86-24 

83-24 

85-15 

80-00 

Gummy matter 

3-08 

3-52 

3-15 

4-69 

Oily matter .... 

. ' . nil 

0-53 

? 

? 

Residue or diastatic matter 

1-71 

2-14 

2-28 

3-81 

Moisture and volatile 

8-97 

10-57 

9-42 

12-00 


100-00 

100-00 

100-00 

100-00 


Burmese lacquer sets hard when exposed to a cool, moist atmos- 
phere, but it does not set by exposure to sunlight, heat, or dry air. 
It appears from the researches of Miyama that “ urushic acid 
contains two phenolic hydroxyl groups, and is, therefore, a poly- 
hydroxyphenol and not an acid ; it gives a greenish colour with 
ferric chloride, and forms weak compounds with alkalis and 
alkaline earths, which are easily dissociated on solution in water. 
The drying of the lac is due to oxidation, and is apparently caused 
by an enzyme, which has been called “ laccase”. 

Note. — Perilla Oil used by the Japamse to add to their Lacquer. 
— Mention has been made of tea oil and tung oil being used by the 
Chinese to add to their lacquer, but the Japanese also use an oil, 
viz. perilla oil, the product of a labiate plant, perilla ocymoides — 
sown in April, blossoming end of September, and ripe by middle of 
October — which is extensively grown in China and Japan. 

Tea Oil. — The tea oil used by the Chinese is made from the fruit 
of a peculiar kind of a tea tree like our plum tree, the fruit resembling 
our chestnut, except that the outer husk does not bristle with points. 
The fruit of the Tongchou, from which they extract Tongyeou, also 
resembles it. 



CHAPTER XVIII. 

MANILA COPAL— MASTIC— SANDABAC. 

Manila Copal . — In view of Dieterich’s research on Java copal, 
which he claims to be a fossil copal, it will be desirable here to 
complete our account of Tschirsch's research on Manila. Tsohirsch 
and Koch separated 4 per cent of a resin acid by ammonium 
carbonate from solution of soft Manila copal in ether. About 
I kilogramme of the copal in solution was submitted to lifty extrac- 
tions. The resin acid separated by hydrochloric acid dis.solved 
slightly in the usual solvents but scarcely dissolved in petroleum 
ether. In ethyl-methyl alcohol it deposited after some time crystals 
which crystallized from dilute alcohol as line needles which gave 
colourless solutions in the usual solvents, also in petroleum ether. 
The solution reacts acid. The melting-point is about 175° C, The 
substance has been named mancopalinic acid. Its analysis gave 
(mean of four analyses) : C = 68*44 ; H - 8*37. Calculated for 
CjgHjgO^ : C == 68*57 ; H = 8*57. The molecular weight estima- 
tion gave, as a mean of five experiments, 137. Calculated for CjjHj._,Oj, 
« 140. Its solution is dextro-rotatory, -I- 56°. The direct and in- 
direct acid value is 397*6. The so-called saponification value, 
394*8 cold, 397*6 hot. There is thus no difference between the 
saponification value and the acid value. One gramme of the acid 

absorbed 71*25 c.c. ^ ^ 0*9048 per cent iodine value. The 

potassium salt of mancopalinic acid is ‘‘salted " out when caustic 
potash in sticks is added to the dilute alkaline solution of the acid. It 
is washed and crystallized in alcohol. It forms needles containing 
22*23 per cent K (calculated for C^H^KOa *=* 21*91 per cent K). 
The silver salt is precipitated from an alcoholic solution of the acid 
by adding silver nitrate drop by drop from its highly dilute solution in 
ammoniated alcohol. It contains 43*49 per cent silver (calculated 
for G^HijAgO} 43*73). Mancopalinic acid is a monoWic acid. 
It contains neither a methyl group nor an aldehyde group nor a 
ketone group. The greater part of the ammonium carbonate ex- 
tract acid is amorphous. This portion was neither precipitated 
by lead acetate nor by potash. It was dissolved in alcohol and 
precipitated from the alcoholic solution by lead acetate, the pre- 
cipitate washed with alcohol, pressed therefrom, and treated with 
alcohol acidulated by sulphuric acid. The alcoholic solution filtered 
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from the separated lead sulphate was treated with water containing 
hydrochloric acid. The separated well-washed acid was dis> 
solved in ether and the ethereal solution agitated with 1 per cent 
ammonium carbonate, the extract decomposed by hydrochloric 
acid washed and dried. The substance forms a white powder 
soluble in usual solvents. The solution is optically inactive. Melt- 
ing-point, 100° to 105° C. This substance was termed mancopalenic 
acid. It gave on analysis : Found mean of four analyses : C — 
67*83; H = 9*48. Calculated for CinHiPa : C = 67*61 ; H - 9*86 
per cent. Acid value : direct, 392 ; indirect, 394*8 to 397*6. Saponifi- 
cation value, cold and hot, 392 to 394*8. There is thus no difference 
between the acid value and the saponification value. Iodine value, 
90*93 (CjjH^ 402 l requires 89*44). One gramme of acid absorbed 
71*6 c.c. n/lO I. It thus added one atom of iodine. One gramme 
of the acid absorbed 14 c.c. KHO = 0*2728 K; CjjHj 40.2 requires 
to form CyHj3K02 = 27*46 per cent K. Mamopalenic acid is a 
monobasic acid. Sodium carbonate solution extracted 75 per cent 
of the resin. For the complete exhaustion of 1 kilo, 110 extrac- 
tions were necessary. The crude acid is not salted out by caustic 
potash, but is split up by alcoholic load acetate into a precipitable 
acid and a non-precipitable acid. The lead acetate precipitate was 
carefully washed with alcohol, pressed, and a portion treated with 
alcohol, acidulated by sulphuric acid, filtered from the lead sulphate, 
and the solution added to HCl water ; the precipitated acid was then 
dissolved in ether, and extracted with sodium carbonate. The 
acid, which was termed viancopalolic acid, could not be obtained in 
crystals. It dissolves in the usual solvents, only slightly in 
petroleum ether, and is optically inactive. Its solution reacts 
strongly acid. Melting-point, 85° to 90^C. It gave on analysis : Found 
mean of four analyses : C ~ 70*35 ; H = 10*63 per cent. Calcu- 
lated for C,„Hi, 02 : C = 70*59 ; H = 10*59 per cent. Acid value : 
direct and indirect, 324*8 to 327*6. Saponification value ; cold, 324*8 
to 327*6 ; hot, 327*6 to 330*4. There is thus no difference between 
the acid and the saponification value. Iodine value, 74*54 (CiQlIigOgl 
requires 74*71). One atom of iodine was therefore added. One 

gramme of the acid required for saturation 11*6 c.c. ^ KHO =» 

0*226 ; K = 22*61 per cent requires for 22*94 

per cent K). Therefore a-mancopalolio acid is a monobasic acid. 
The solution, when filtered from the lead precipitate, should remain 
clear, and on the addition of excess of lead salt should give no 
further precipitate. When, therefore, a slight addition of alcoholic 
lead acetate gives no further precipitate, sulphuric acid is added, 
the lead sulphate filtered off, and the filtrate precipitated with water 
and the acid prepared as above. In this way ^-mancopalolic acid 
was obtained in the amorphous condition like the a acid. Melting- 
point, 85° to 88° C. Its analysis gave : Found mean of four analyses ; 
C - 70*39 ; H - 10*46. Calculated for CioHjgOa *. C - 70*59 ; 
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H » 10*59 per cent. The ^ acid is thus an isomer of the a aoid. 
Acid value : direct, 322'0 to 323*4 ; indirect, 327*6. Saponification 
value : cold, 327*6 to 330*4 ; hot, 330*4. There is thus no essential 
difference between the saponification value and the acid value. 
Iodine value, 74*54 requires 74*71). One gramme of 

the acid required for saturation 11*7 c.c. ^ KHO« 0*2281 percent; 

A 

K « 22*81 per cent K (CioHjg02 requires for CigHj-KOg 22*94 K). 
fi^mancopalolic acid is also a monobasic acid. Both acids are homo- 
logous with tnancopalenic acid. The ethereal solution, after extrac- 
tion by ammonium carbonate and sodium carbonate, cedes nothing 
further to caustic potash. It contains only the ethereal oil and the 
resene. The ether is expelled and the ethereal oil distilled with 
steam. The ethereal oil, dried over calcium chloride, is colourless, 
has a specific gravity of 0*840 and boils between 165° and 170° C. 
It is present to the extent of 6 per cent. From the residue left 
from the distillation the resene was prepared by repeated precipi- 
tation ; it was soluble in chloral hydrate solution. The alcoholic 
solution reacted neutral. Melting-point, 80° to 85°. Present in the 
copal to extent of 12 per cent. Analysis gave : Found mean of three 
analyses : C - 83*43 ; H * 11*24. Calculated for C20H32O *. C « 
83*33 ; H s 11*11 per cent. The substance was termed mancopal- 
resen. 

The second sample of Manila copal examined by Tschirsch and 
Koch was one marked M.C. hard shining It did not agree in 
many points with the preceding. It came from Gorontalo in the 
Celebes. The melting-point was about 120°. It dissolved slightly in 
ether, likewise in alcohol, 80 per cent chloral hydrate acetone, 
benzol chloroform, slightly in carbon tetrachloride, but was abso- 
lutely insoluble in petroleum ether. Constants : Acid value : direct, 
117*8; indirect, 156*8; saponification value: cold, 162*4 to 165*2; 
hot, 165*2 to 168 ; iodine value, 54*99. These values do not agree 
with the above soft copal Dry distillation gave succinic acid along 
with formic and acetic acids. The copal ceded nothing to am- 
monium carbonate extraction whether of 1, 2*5, or 10 per cent 
strength. Sodium carbonate extracted two acids, in this case also 
constituting 80 per cent of the resin, which were separated by lead 
acetate. 

TABLE LXXVI.~CONSTANT8 OF a AND $ MANCOPALOLIC ACID. 

a-Mancopololic Acid. ^-MancopaloUc Acid. 

Melting-point .... C. C. 

Found mean of four analyses C » 70*S6 C » 70*71 

„ * „ „ M „ . H « 10*49 H « 10*49 

Calontated (or CioHuO, . C » 70*09 — 

. . H » 10*09 — 

Aoid valne, direot .... 824*8-880*4 880 0-888-2 

„ „ indirect . . . 880*4 881*8 888*2 

Saponification valne, cold . 8*24*8-880*4 880*4-886 

hot . 880*4 888*2 

. . . 74*80 74*98 


Iodine value 



MANILA COPAL— MASTIC—SANDARAO. 


263 


The ethereal oil was present in this sample to the extent of 6 
per cent. Specific gravity was 0*840. Its boiling-point 165*^ to 170® 
0. Manila copal exhibits therefore the characteristics of a coni- 
ferous resin. The analysis shows it to be derived from a Dam- 
mara. 

From the solution in ammonium carbonate two resin acids were 
obtained, one of which — mancopalinic acid — was crystalline, had 
a composition represented by the formula CgHjaCg and a melting- 
point of 175°. The other, an amorphous acid — mancopalenic acid — 
had the formula and a melting-point of 100° to 106®, The 

solution of sodium carbonate dissolved two isomeric acids — a-manco- 
palolic acid, melting-point 90°, and )8-mancopalolic acid, melting- 
point 88°, the formula of these acids being CioHjgOg. 

After separation of these bodies the solution of caustic potash dis- 
solved nothing from the ethereal solutions of the resins. The 
neutral substances left in the ethereal solution were a resinous body 
— mancopalresen, C2oHg20, melting-point 80° to 85° — and a volatile 
oil which boiled at from 166° to 170°, and had a specific gravity of 
*840. This oil oxidized and resinified on exposure to air, so that it 
was apparently a terpene. 

The following figures represent approximately the composition 
of the two samples of Manila copal : — 

TABLE LXXV’L-COMPOSITION OF HARD AND SOFT MANILA 
COPALS. 


Manoopalinio aoid\ 

MAnoopftlonic ftoid / 
a-Mancopalolio acid \ 

B-Mancopalolio acid i * 

MancopalreBcne 
EsBential oil . 

Water 

Succinic acid and impurities . 

Bottler, in a description of Manila copal, says it is secreted by Fa- 
teria Indica, a dipterocarpus tree growing in the Philippine Isles. He 
is no doubt confusing a Valeria with a Vatioa. It forms, he adds, large, 
cloudy, irregular, angular tears which often cohere into characteristi- 
cally shaped stalactites — like masses of a yellow or brownish-yellow . 
colour. The separate pieces have a conchoidal fracture ; the fracture 
is lustrous but the exterior is covered with a whitish-yellow earthy 
skin. The odour is aromatic and more decidedly so on rubbing. 
Ko characteristic taste is perceptible unless the copal is quite fresh, 
when it is slightly bitter. The powdered copal is white or yellowish-, 
white. On heating Manila copal soon softens, begins to melt at 
105® C., and is completely melted at 140®. When further heated 
it blisters, turns brown, and if then allowed to cool forms a hard> / 
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Suft Copal. 

Hard Copal. 

4 

0 
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sooriaoeouB mass. Its speoifio gravity is somewhat greater than 
that of kauri copal, being 1*069 at 15° C. It, too, belongs to the 
soft copals. It is known to the trade as hard yellow Manila copal. 

Both kauri and Manila copals were treated by Bottler with 
various solvents, first when they had never been heated and after 
they had been melted, and also after they had been “ roasted ” — 
i.e. kept for some time at a high temperature, but one insufficient to 
fuse the copal. The unfused copals were coarsely powdered, and 
exposed to the air at a temperature of 15° to 20° C. for six weeks. 
The “roasted” copal was got by heating the coarsely powdered 
resin to between 40° and 50° C. for forty-eight hours. The molten 
copal was allowed to run through a sieve into a brass mortar, in 
which it was pulverized when cold, and then exposed to the air 
for a week. 



Fio. 33.— Manila Copal— a typical lump broken to show conchoidal flint-like 
fiactare. [Photographed specially for this treatise by Mr. C. Harrison, Boiough 
Polyteefanic, London, 8.E.] 

All the three samples were then finely powdered, and intimately 
mixed each with its own weight of powdered glass. The solvents 
tried were fourteen in number, viz. absolute alcohol, a mixture of 
equal volumes of absolute alcohol, and amyl alcohol boiling ac 130° 
C., anhydrous ether, a mixture of ether and absolute alcohol, 
a solution of 1 part by weight of camphor in 12 of ether, 
chloroform, anhydrous acetone boiling at 57° C. and of a specific 
gravity 0*814, a mixture of equal volumes of carbon bisulphide, 
benzole, and rectified turpentine, rectified turpentine of specific 
gravity 0*87 alone, linseed oil, methyl alcohol of boiling-point 70° 
C., light tar oil, rosin oil (? spirit), and camphor oil. The results 
obtained here follow : — 

k J *tterroa.ting.(lii) alter ta.108. 



MANILA COPAL — MASTIC — 8ANDARAC. 


266 


A (i). — With the first two solvents the resin swelled up and dis- 
solved almost completely, forming a clear solution. The mixture 
of ether and alcohol gives almost entire solution, but the resin only 
dissolved partly in the camphorated ether. In the chloroform it 
became gelatinous and scarcely dissolved at all in the cold, and 
although it dissolved to a turbid liquid on heating it all separated 
out again on cooling. A little dissolved in acetone, but the solu- 
tion was not clear ; the benzole mixture gelatinized it, and the oils 
had little effect. The copal scarcely dissolved in methyl alcohol, 
nor in tar oil, even on heating. Long heating with rosin oil (sw?) 
had a little solvent action, but camphor oil could do nothing. The 
roasted resin was partly soluble in acetone, giving a cloudy 
solution which could be made bright by long digestion at 30° C. 
In turpentine or linseed oil it was scarcely soluble. Practically 
all the results were the same as with the copal which had not been 
heated. 



Fio. 34.— Kauri Cojml— stalactitic. [Photographed specially for this treatise by 
Mr. C. Harrison, Borough Polytechnio.] 

A (ii).— 'With the first two solvents the copal behaved like the 
unheated sample. In ether it dissolved partially. The alcohol and 
ether mixture dissolved it practically completely after long standing 
at 20” to 25° C. (68° to 77° F.). The camphoretted ether swelled it 
and dissolved more than of the unheated copal, but with chloroform 
there was no difference. 

A (iii). — Here, again, practically the same results were achieved, 
although the resin was slightly more soluble in the various reagents 
than the roasted copal was. 

The insolubility in turpentine and in linseed oil appears an 
insuperable bar to Manila copal ever becoming extensively used. 
fiVen if some of it dissolves after long heating, a lot of that 
separates out again on cooling. 

B (i). — The copal dissolved nearly entirely in the alcohol. In 
the mixed alcohols and in the mixture of alcohol and ether it dis- 
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solved entirely on warming. Ether alone and camphorated ether 
both dissolved it almost completely. In chloroform or acetone it 
swells up and becomes gelatinous, and scarcely dissolves. In the 
benzole mixture it dissolves practically wholly, but the solution is 
turbid. Turpentine and linseed oil both failed to act on the resin, 
and methyl alcohol practically failed. Tar oil and rosin oil dis- 
solved a little after long digestion. Camphor oil with the aid of 
heat dissolved more of the copal than it left, and after very pro- 
longed heating dissolved it almost entirely. 

B (ii). — The roasted copal was soluble in the first five solvents, 
and the solutions were almost colourless. In acetone it swelled up 
and dissolved slightly after long contact at 25** C. With the re- 
maining solvents it behaved like the unheated resin. 

B (iii). — Here, again, no differences of importance were noted. 
High temperature produced partial solution in turpentine, linseed 
oil, and in rosin oil, but the solubility only remained while the 
heating lasted. It must, however, be mentioned that the fused 
resin dissolved completely in the camphor oil to a clear 
solution. 

The above researches show, first, that these copals can serve 
for the making of spirit varnishes, and also what are the best 
solvents, viz. the absolute alcohol, the mixture of equal volumes of 
absolute alcohol and amyl alcohol, and the mixture of ether and 
absolute alcohol. For the roasted and fused copals, camphorated 
ether will also serve. In the experiments about 5 parts of solvent 
were used to 1 of copal, and the consistency of the solution could 
be increased by evaporating off some of the solvent. An oil varnish 
can, however, be made by stirring into 8 parts by weight of the 
copal in a fused condition 25 parts of hot linseed oil. The 
varnish is then boiled with 1 part of manganese borate to every 
400 of linseed oil, and finally 20 parts of turpentine are added, 
a little at a time. The oil us^ should be first bleached with sul- 
phate of lead. The finished varnish may be dyed with aniline 
colours, dragon’s blood, etc., and will give shining and durable 
coats on paper, glass, wood, and stone (Bottler). 

McLstic , — Mastic was well known to the ancient philosophers. 
Galen (a.d. 131-210), physician to Marcus Aurelius, the elder Pliny 
(a.d. 28-79), and Dioscorides, Patriarch of Alexandria (died a.d, 454), 
mention it in their writings. Origin , — Mastic of commerce is sec- 
reted by the PUtacia lentiscus anacardiacea, a shrubby tree 
indigenous to the Levant and the Greek Archipelago, but cultivated 
chiefly in the island of Chios. Each tree yields annually ten to 
twelve pounds. The greater part of the annual production is sent 
as tribute to the Turkish Government and the rest sent to market. 
The Pigtacia lentiscus, the source of mastic, is found all over the 
coasts of Southern Europe and Northern Africa ; but mastic is 
obtained from the island of Chios alone, as it has been from very 
ancient times. There a broad-leaved variety of the plant is culti* 
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vated in the vicinity of about twenty villages — ^known as Mastioho- 
ohoraf or mastic villages — on account of the high yield and excellent 
quality of the mastic it produces. This form of mastic, termed 
“Schinas*’ locally, was known to Duhamel; and a commoner 
variety, which, however, does not produce a suitable mastic, is also 
found in Chios. According to Heckel, Afghanistan and Beluchistan 
furnish the London market with an inferior quality of mastic, 
obtained from Pistacia khinjuk stocks and Pistacia cahvlica stocks, 
the former plant being indigenous throughout those countries at 
altitudes of 4000 to 8000 feet. This latter resin is used as a substi- 
tute for true mastic, both locally and in Scinde and Persia, and is 
known under the names Roomie-mustakie, Koondur-Roomie (among 
the Arabs), Kundiron-Sakiz-sheren (by the Persians), and also as 
Aluk-vol-unhat. According to information received, the resin is 
called Kundiron or Sakiz-sheren (sweet mastic) among the Persians, 
in order to distinguish it from olihanum, known as Kundir or Sakiz- 
Tulkh (bitter mastic), as well as from true or Turkish mastic 
(Kundir-Roomie or Sakiz- Roomie). The product from Pistacia 
cahulica stocks is called by the following native designations in the 
countries of origin : Mustaka-arab, Uluk-bagadame, Aulug-dagdadie 
(by the Arabs), Roomie-mustakie, Koondur-roomie (by the Hindus), 
Kinneh, Kinnoli (by the Persians), Sakiz-Khinjuk (by the Afghans), 
Shat-i-Kundiroo (by the Sikhs), and Aluk-ool-unbat (by the 
Rohillas). 

Mastic exudes spontaneously from the plant in small quantities 
and hardens on the twigs in the form of drops, the trees having to 
be incised to obtain larger supplies. A number of long cuts, ex- 
tending from the base of the trunk to the level of the branches, are 
made in the bark, and from these the resin exudes, some of it hard- 
ening at the outs, and the rest falling to the ground and settling in 
the form of grains. Formerly the practice was to wet the soil 
round the trees and ram it firm in order to prevent contamination 
of the resin by particles of earth, but at present a cleaner product 
is obtained by laying stone flags underneath the trees. 

Mastic from P, mutica. — In Watt’s “ Dictionary of Indian Pro- 
ducts ” Pistacia B. mutica^ Fisch and Mey, is treated as the Asiatic 
representative of P. tercbinthinm, the plant which yields the Chian 
or Cyprus turpentine, but it is now regarded as a distinct species. 
It occurs commonly in Beluchistan. The resin resembles that of .P, 
lentiscits and is used in the East as a substitute for that substance. 
It bears the same vernacular names and is regarded as identical 
with mastic from Pistacia vera (the Pistachio nut-tree). A small 
tree forming forests at 3000 feet in Syria, Damascus, Mesopotamia, 
Terek, the Badghis and Khorassan yields, besides the edible nut, a 
resin similar to mastic setting hard enough to collect. The best 
quality is that taken otf the twigs, and is packed in baskets lined 
with paper or cotton cloth. The grains collected from the stone 
form a second quality, whilst a third, less pure grade, is picked 
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from the interstices of the flags. The collecting period extends 
over two months, and each tree yields 9 to 10 lb. of mastic. 

Unger has made exhaustive researches into the origin and 
occurrence of mastic in the tissues of Pistacia lentiscus. It ap- 
pears that the secretion is formed in special resin ducts occurring 
in gaps left by the dense, undulating bast cells, and forming inter- 
cellular cavities free from any trace of residues of cellular tissue. 
Even in very young stems these resin ducts can be recognized as 
broad, sharply defined cavities filled with resinous sap free from 
residues of tissue. Unger therefore concludes that the resin of Pis- 
tacia lentiscus is not formed by chemical metamorphosis due to 
the wounding of the cells, but is produced in the cells themselves 
and secreted in the resin ducts. By the scaling off of the bark the 
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Fio. S5. — Mastic. [rhoto;,'r:iphed spcciuliy from nature for this treatise by Mr. 

C. Harrison, Borouj^h Tolytechnic.j 

ducts are brought so near to the surface that a very slight wound- 
ing is sufficient to a flow of resin. Mastic tears are rounded to elon- 
gated in shape, measuring one-fifth to four-fifths of an inch across, 
with a yellowish or greenish colour (attributed to chlorophyll by 
Fluckiger), and a peculiar smell and taste resembling those of swede 
turnips. The smell of mastic also recalls that of Galbanum resin. 
Individual tears are golden yellow, partially tinged a peach-blossom 
red. The tears are more or less cloudy in appearance, and dusty 
on the surface. This characteristic is not the result of the mutual 
attrition of the grains, but arises from the considerable shrinkage 
of the outer stratum of the grains giving rise to the formation of 
faceted cracks. In fX)int of hardness mastic comes midway be- 
tween dammar and sandaraoh. PfafT gives the specific gravity as 
1’04, Schroetter and Brisson as 1*07. The surface of fracture is 
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oonohoidal and with a glassy lustre when fresh. When chewed, 
mastic forms a pasty mass, whereas all other resins — including 
especially the sandarach, with which it is often adulterated — crumble 
to powder under this treatment. 

According to Johnstone, mastic melts at 100° C., and Schroetter 
states that it softens at 80° C., and melts with incipient decomposi- 
tion at 105° to 120 ° C. The constituent substances include a free sub- 
stance (mastic acid or a resin with an acid reaction) soluble in alcohol, 
a resinous compound (masticine or B-resin) insoluble in alcohol, 
but soluble in ether and oil of turpentine, and small quantities of a 
volatile oil in freshly collected resin. Johnstone gives the formula 
of mastic acid as C 4 ()H,, 40 , masticine 52^)1 and the relative pro- 
portions are about 80 to 91 percent of the former, the rest consisting 
of masticine exclusively. In the East mastic is largely consumed 
as a chewing-gum, for which purpose, however, only the very finest 
quality — the so-called Filiskari or seraglio resin — is employed, which 
is therefore never available for other uses. 

Tschirsch and Reuter examined the best Chios mastic on the mar- 
ket. Solubility. — It was insoluble in water, 'partially soluble in spirits of 
turpentine, carbon disulphide, methyl and ethyl alcohol two-thirds, 
almost completely soluble in petroleum ether, acetone, amyl alcohol, 
completely soluble in acetic ether, chloroform, ether, xylene, ben- 
zene, toluene, chloral hydrate. The solution reacts acid. Constants. 
— Acid value : direct mean, 59*2 ; indirect mean, 58*9. Saponifica- 
tion value : cold, 81*8 ; hot, 83*0. The examination was conducted 
in the usual way, viz. by extracting the ethereal solution with 1 per 
cent ammonium carbonate, 1 per cent soda solution, and 1 per cent 
potash. 

a Mastic inic Acid, C. 23 H 3 ^^ 04 . — It required twenty extractions 
with ammonium carbonate to exhaust the solution. The acid pre- 
cipitated by hydrochloric acid (4 per cent of the mastic) was soft 
and amorphous and could not be crystallized. It was therefore pre- 
cipitated by an alcoholic solution of lead acetate. One portion was 
precipitated, the other remained in solution and did not fall out on 
the addition of more acetate of lead. The lead acetate precipitate, 
after careful washing, was treated with alcohol acidified with sul- 
phuric acid and filtered. The sulphuric acid was removed from 
the filtrate by white lead and water acidified by HCl added to the 
filtrate. The precipitated resin acids formed after drying a soft 
amorphous powder, very refractory to crystallize in any solvents, 
soluble in the usual solvents and in petroleum ether. Melting-point, 
90° to 91° C. Optically inactive. Acid value : direct mean, 141*07 ; 
indirect, 140*39. Analysis — mean of three *. C = 73*17 ; H * 9*2* 
Calculated for C 23 H 30 O 4 : C = 73*4 ; H « 9*57. The acid was 
termed a masticinic. The monopotassium salt K requires 

9*42 per cent K. The potassium content on titration gave 8*96 pier 
cent K. The salt is therefore monobasic. 

/3 Mastieinic Aoid. — To the filtrate from the lead acetate preoipi- 
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tate, weak nitric acid was added. The precipitate was well washed 
and tested if crystallizable with various solvents. It did not 
crystallize. Melting-point, 89° to 90’5° C. It dissolves in the usual 
resin solvents, including petroleum ether, and is optically inactive. 
Acid value : direct mean, 131*2 ; indirect mean, 132*6. Analysis of 
the substance dried at 80° C. — mean of two : C = 73*34 ; H « 9*2. 
Calculated for €2311^04 : C = 73*4 ; H *= 9*57. The acid was termed 
masticinic acid ; it is isomeric with a masticinic acid. The potas- 
sium content by titration was 8*37. C.J3H3.JKO4 requires 9*4^ per 
cent K. The acid is thus monobasic. 

Masticolic Acid. — By extraction with 1 per cent soda solution 
about 380 grammes of crude acid were obtained. This acid was 
separated by hot alcoholic solution of lead acetate. The lead 
acetate precipitate after careful washing was treated with alcohol 
acidulated by H2SO4, the lead sulphate filtered, and the free sulphuric 
acid removed from the filtrate by white lead. The filtrate was then 
run into water acidulated by HCl and the precipitate well washed. 
It was dissolved in alcohol to crystallize. It soon yielded crystals 
like long colourless needles. Melting-point, 201° C. Readily soluble 
in petroleum ether, ether acetone, acetic ether, chloroform, benzene, 
toluene, xylene, spirits of turpentine, and 80 per cent chloral hydrate ; 
vdth more difficulty in ethyl alcohol, amyl alcohol, methyl alcohol ; 
insoluble in water. Analysis of substance dried at 100° C. — mean 
of three : C = 73*34 ; H — 9*69 per cent. Calculated for €.23113^04 : 
0 « 73*4 ; H = 9*57. Molecular estimation by the boiling-point 
method gave — 353, 330, 398, 382, 398 ; mean 372. Calculated (or 
C23H3 <j 04, 376. The acid was termed masticolic acid ; it is isomeric 
with a and masticinic acid. It only amounts to 0*5 per cent of 
the mastic. Acid value: direct mean, 132*5 ; indirect, 131*7. The 
formula C23H35KO4 requires 9*42 per cent K. The potassium con- 
tent by titration was 8*46 per cent K. The silver salt prepared by 
precipitation with silver nitrate with the addition of a few drops of 
ammonia gave 21*9 per cent and 21*6 per cent Ag. For C23H35Ag04 
22*36 per cent Ag is required. The salt is thus monobasic. 

aMastuxmic Acid . — Only a small proportion crystallized from the 
alcoholic solution ; the remainder was amorphous and remained 
amorphous in all crystallization media. It was dissolved in alcohol, 
treat^ with bone-black and filtered, and after filtration precipitated 
by HCL This acid was soluble in the same solvents as the preced- 
ing. It intumesced at 95° C.' and melted at 96° to 96*5° C. Acid 
value : direct mean, 107*55 ; indirect, 106*05. Analysis of substance * 
dried over sulphuric acid — mean of three : C * 77*99 ; H - 9'26, 
Calculated for C32H^04 : C » 77*42 per cent ; H « 9*68. The acid 
was termed a masticonio. It formed 20 per cent of the mastic. 
The potassium salt calculated by titration gave 6*99 per cent K. 
R>r 0|fH47K04 7*39 per cent K is required, Masticonio Acid — the 

filtrate from the lead precipitate — was treated with bone-black and/ 
then digested with water acidulated by*HNO| ; the precipitated ai^ 
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was well washed and dried. It could not be broken up further. 
Melting-point, ^ to 92° C. Optically inactive and soluble in the same 
solvents as the preceding. Analysis of the substance dried at 80° 0. 
— mean of three : C = 76*99 ; H => 9*87. Calculated for : 

C « 77*42 ; H == 9*68 per cent. Acid value : direct mean, 103*2 ; 
indirect, 103*1. The potassium salt gave by titration 6*81 per cent 
K. For G 32 H 47 KO 2 7*3 per cent K is required. This acid, masti- 
oonic acid, is also monobasic. It forms 18 per cent of mastic. The 
ether solution after treatment with ammonium carbonate and soda 
ceded nothing further to potassium hydrate. It was freed from 
potassium by washing with water, the ether driven off, and the 
residue steam distilled. The ethereal oil separated in the usual 
way was pale yellow and somewhat camphoraceous. It formed 
2 per cent of the mastic. The residue in the flask from the steam 
distillation of the oil tasted very bitter. The bitter principle 
could not be isolated in a pure form. It gave the usual reactions 
with iron chloride, lead acetate, and tannin. One part of the 
resinous body left in the flask was dissolved in alcohol. The 
solution was precipitated by acidulated water and the precipitation 
several times repeated. The substance is then white amorphous, 
incapable of being crystallized from any solvent soluble in all resin 
solvents. Melting-point, 74° to 75° C. Analysis of substance dried 
over H 2 SO 4 — mean of three : C = 77*42 ; H ==* 10*07. Calculated 
for C 35 H 56 O 4 : C = 77*78 per cent ; H = 10*37. The substance, 
a mastico-resene, is optically inactive. It forms 31 per cent of 
mastic. The insoluble portion, ^ mastico-resene, was incapable of 
being brought into a pure enough form for analysis. It remains in 
paste form after repeated precipitation from the ethereal solution. It 
is insoluble in ethyl and methyl alcohol. It dissolves in the usual 
resin solvents. It forms 20 per cent of mastic. 

TABLE LXXVIIL— COMPOSITION OF MASTIC (TSCHIRSCH). 

I. Free Resin Acids : — • 

(а) Soluble in 1 per cent ammonium carbonate 
a Masticinic acid precipltable by lead ^ 

^ Masticinic acid not precipitable by lead > 

Isomeric C3SH3QO4 

(б) Soluble in soda ; — 

Masticolio acid crystalline CasHg-O^ \ precipitable 
a Mastioonio acid amorphous CjaH^gO*/ by lead 
P Mastioonio acid not precipitable by lead CgaH4804 

II. Resenes:— , ^ 

a Mastico-resene C38Hje04 soluble in alcohol 
^ Mastico-resene insoluble in alcohol (mastioin) . 

lU. Ethereal Oil . . 

Bitter principle, impurities, etc 

Mastic is a rescne-resin. Johnstone’s a resin or mastic acid con* 
' iains the above five resin acids, and the mastico-resene soluble in 
tlloobol His /3 resin or mastioin is an impure mastico-resena 
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Fio. 36 . — Thuya Articulata, Desf [Callilris Qvadrivalvis, Rich], 1, flowering 
branch and fruit ; 2, a male flower greatly enlarged ; 8, stamen, dorsal view ; 4 , 
fruit viewed from above. 

Moyadore Sandarachf also, but erroneously, known as gum 
juniper, is a resin which exudes naturally from the bark of one 
of the North-west African conifers, viz. the Thuya articulata^ 
Desf, a small cypress tree which thrives more especially on the 
southern watersheds of the Atlas chain of mountains. The 
yield is increased by making incisions on the trunk near the 
bottom, analogous to those used in obtaining mastic. The oleo- 
resin as it exudes has obviously high refractive power, and much 
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less with powder, but this is not due to the mutual attrition of the 
fragments one against another, but to the unequal contraction of the 
resin in drying, resulting in a mass of fissures that form, as in the 
case of several kinds of copal, facets that gradually separate from 
the mass and constitute the powder of many authors. In support 
of this view it has been pointed out that resins of the sandarach 
class are nearly white on the trees after they have exuded some time, 
showing that the appearance is brought about by exposure to the 
weather. 

Solubility . — Mogadore sandarach is very soluble in ether, which 
appears to be its best solvent. It dissolves in methylated spirit 64* 
O.P. and also in amyl alcohol and in acetone. It only dissolves, 
partially in spirits of turpentine, benzene, toluene and chloroform,, 
and only a very small amount dissolves in petroleum ether. 

Adulteratio 7 i.--lt rather serves for the adulteration of other resina 
than being itself adulterated. It is better, however, to make sure 
that it has not been sophisticated by German sandarach gum juniper, 
a resin which is exuded exclusively by old juniper bushes. On heat-> 
ing the “ gum ” juniper gives off a characteristic odour by which it 
is recognized. Hosin would increase the acid value and the solu- 
bility in turps, petroleum ether, and other individual solvents. 
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Sandaraok — There are two kinds of sandarach on the London 
market : (1) Mogadore sandarach ; (2) Australian sandarach. The 
latter is of comparatively recent introduction. 



Fio. 36 . — Thuya Artkulata^ Desf [Callitris QrmdrivalviB, Rich]. I, flowering 
branch and fmit ; 2, a male flower greatly enlarged ; 8, stamen, dorsal view ; 4 , 
fruit viewed from above. 

Mogadore Sandarach, also, but erroneously, known as gum 
juniper, is a resin which exudes naturally from the bark of one 
of the North-west African conifers, viz. the Thuya ariiculatOt 
Desf, a small cypress tree which thrives more especially on the 
southern watersheds of the Atlas chain of mountains. The 
3 neld is increased by making incisions on the trunk near the 
bottom, analogous to those used in obtaining mastic. The oleo- 
resin as it exudes has obviously high refractive power, and much 
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resembles ordinary freshly exuded turpentine oleo-resin in general 
appearanoe, also both in taste and in smell. In this condition it is 
very irritating to a out or wound. The tree is reproduced from seeds, 
and the seed beds ought to be sown with very fresh seed. Algeria 
and Morocco are the two regions where the Thuya thrives best; 
and it is from there, more especially from Morocco, that the African 
sandaraoh used in Europe to such a large extent in spirit varnish- 
making comes. African sandarach is shipped to this country from 
Mogadore. Hence the term Mogadore sandarach. The best quality 
of sandarach is in very pale yellow, almost colourless tears covered 
with a fine whitish dust with a vitreous fracture, and transparent 
when the interior of the pieces is examined. But there is a, second 
quality of sandarach termed common sandarach which is met with in 
rounded or elongated tears of a dark yellow or saffron colour, opaque, 
and highly impure. 

Physical Properties , — Mogadore sandarach’is hard but brittle. The 
slightly conchoidal arched fracture has a glistening lustre when 
fresh. It is easily crushed under the teeth, becoming reduced to a 
finer and finer powder, the particles of which do not agglutinate 
together as in the case of mastic. It has a faint smell of turpentine 
and a slightly bitter balsamic taste. It commences to soften at 100® 
C. (212® F.), melts at 135® C. (275° F.), catching fire and at the same 
time emitting a characteristic pleasant smell. Its density is 1*092 
according to Brisson, 1*05 according to Pfaff, and 1*066 according to 
Fluckiger. Old samples have a mealy appearance, but this is merely 
superficial, and has been accounted for as follows : 

Dust . — The surface of the tears appears to be covered more or 
less with powder, but this is not due to the mutual attrition of the 
fragments one against another, but to the unequal contraction of the 
resin in drying, resulting in a mass of fissures that form, as in the 
case of several kinds of copal, facets that gradually separate from 
the mass and constitute the powder of many authors. In support 
of this view it has been pointed out that resins of the sandaraoh 
class are nearly white on the trees after they have exuded some time, 
showing that the appearanoe is brought about by exposure to the 
weather. 

Solubility . — Mogadore sandarach is very soluble in ether, which 
appears to be its best solvent. It dissolves in methylated spirit 64* 
O.P. and also in amyl alcohol and in acetone. It only dissolves 
partially in spirits of turpentine, benzene, toluene and chloroform,, 
and only a very small amount dissolves in petroleum ether. 

Adulteration.— It rather serves for the adulteration of other resins 
than being itself adulterated. It is better, however, to make sure 
that it has not been sophisticated by German sandarach gum juniper, 
a resin which is exuded exclusively by old juniper bushes. On heat- 
ing the gum ” juniper gives off a characteristic odour by which it 
is recognized. Bosin would increase the acid value and the solu- 
bility in turps, petroleum ether, and other individual solvents. 
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Ancdysis, — Tschirsoh and Balzer examined Mogadore sandaraoh. • 
Later on Tschirsoh in conjunction with Woltf made a fresh ex- 
amination, using modified methods. The following is his mode of 
procedure and the results of the first examination. Dry distil- 
lation yielded acetic acid and a substance rich in a sort of Iwrneol. 
Also a substance which gave some of the reactions of succinic acid. 
The examination was made on a pure resin prepared thus : The 
sandarach was dissolved in alcohol and precipitated by water. The 
bitter principle remained in solution and a little ethereal oil, 0*5 per 
cent of the sandarach. The pure resin separated and by repeated 
precipitation was freed from both these bodies. On treating the san- 
darach with 96 per cent alcohol it completely dissolved except a 
small amount of plant debris and some wind -borne bassorin granules. 
The sandaricin insoluble in alcohol could not be isolated. The puri- 
fied resin like crude sandarach dissolved in alcohol, ether, amyl 
alcohol, acetone, and ethereal oils and dilute alkalis ; very slightly in 
benzene, toluene, xylene, chloroform, and petroleum ether ; also in 
concentrated alkalis. Sulphuric acid dissolved it cherry red. The 
alcoholic solution reacted acid. The bitter principle left in the solution 
from which the purified resin is precipitated can on evaporation of the 
solution and extraction of the residue with ether, or by precipitation 
with lead acetate, be obtained as a yellow powder, but not by any 
means pure enough for analysis. It is not glycosidic in character. 
A test to saponify the resin with potash or sulphuric acid failed. It 
was scarcely affected by these reagents ; it therefore contains no 
ester. The method of procedure followed was not by extraction but 
by working direct on the pure resin ; it was dissolved in 1 per cent 
potash solution and stick potash added until no precipitate occurred. 
A thick white precipitate was produced which was dissolved in 
water, HCl added, and the sandaracolic acid liberated. The stick 
potash solution from which the precipitate was separated yielded on 
acidulation with hydrochloric acid a second acid, callitrolie acid. 
The sandaracolic acid separated from the potassium resin compound 
— the resin soap — was soluble in alcohol ether, acetone, dilute 
potash, in concentrated sulphuric acid with a red colour ; insoluble 
in benzene, toluene, petroleum ether, chloroform, and ammonia. 
It crystallized with difficulty. It is best crystallized by precipita- 
tion with lead acetate and decomposing the lead compound. Melt- 
ing-point, 140'’ C. Analysis — mean of three : C =- 76*23 ; H - 9*25. 
Calculated for : C =« 76*21 ; H « 9*19. By solution in 

normal alkali and back titration 5‘G K was consumed. 
requires for the monopotassium salt 5*43 per cent K. By the 
addition of ammonia to render the alcoholic solution of sandaracolic 
acid alkaline, the silver salt gradually falls out on adding silver 
nitrate. The silver determination gave 12*79 and 12*84. For Ag 
C 4 ^H 05 AgO; 13*07 Ag is required. When an alcoholic solution of 
sandaracolic acid is mixed with freshly precipitated cupric hydrate* 
evaporated to dryness on the water-bath, and the residue taken by 
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a mixture of aloohol and ether, a copper salt is dissolved which, on 
evaporation of the alcohol ether, remains as a green powder, cupric 
abietinate soluble in carbon disulphide. The copper in this com- 
pound is masked. It is not detected by ammonia, nor by potash, 
nor by sulphuretted hydrogen. The salt contains water. Three 
estimations gave 1*5, 1‘6, 1*9 per cent Hp. It gave a copper con- 
ient of 0'94, I’lO, 1 per cent. By precipitating a solution of the 
^potassium salt of sandaracolic acid a basic copper salt was obtained 
'containing 11 per cent Cu. If sandaracolic acid be acetylated with 
acetic anhydride in a tube at 175 C. a coloured acetyl derivative is 
obtained which does not dissolve in alkalis, nor even in chloroform, 
and only slowly in potash. Analysis — mean of two: C = 74*16; 
H = 9*07 per cent. Calculated for : C = 74*21 ; H » 

8*95 per cent. Benzoylation yields with sandaracolic acid a benzoyl 
derivative which dissolves in most of the solvents for the acid, not 
in acetic acid, nor even in chloroform. Analysis — mean of two : 
C = 75-63 ; H = 8-18. Calculated for C«H,CO : C = 

75-91 ; H = 8*52 per cent. Sandaracolic acid, therefore, contains a 
hydroxyl group and can be represented as or C 44 Hg 404 

OH*COOH. It is thus either a resinol or a resinol acid. Distilled 
with zinc dust 1 : 5 at about 180, 35 per cent of a dark fluid was ob- 
tained which dissolved in ether, and freedfrom phenols by caustic-soda 
on evaporation of the ether gave a strongly fluorescent residue which 
was heated with metallic sodium under a reflux condenser and then 
fractionated. The first four fractions, 80° to 110°, 110° to 115°, 115° 
to 150°, 150° to 175°, were colourless; the fifth, 175° to 200°, was yellow- 
ish. The first fraction contained benzol, identified by the formation 
of nitrobenzol, anilin, and isonitrile ; the second, toulene ; it gave oxy- 
benzoic acid. Melting-point, 121° C. From the third and fourth frac- 
tion by oxidation a substance smelling of thymol was obtained. The 
fifth fraction gave a strong reaction with nitric acid. It thus also 
contained aromatic hydrocarbides. Nitric acid yields with sandara- 
colic acid both picric and oxalic acid, identified by their reactions, 
an oxidation product free from nitrogen oxy sandaracolic acid which, 
in immersing the reaction mixture in water, falls out as a yellow 
body. Analysis — mean of two : C = 65’12 ; H = 5*84. Calcu- 
lated for C 4 (,H 4 jjOj 3 : C == 65*75 ; H == 5*75 per cent. The various 
attempts made to discover the action of fused potash on sandara- 
colic acid and abietinic acid all failed, however the experiments 
were varied. Oxidation with permanganate gave no result. Only 
chromic acid mixture gave a new body, melting-point 200° C., insoluble 
in aloohol, which can be purified by solution in alcoholic potash and 
precipitation by HGl. With zinc dust sandaracolic acid is reduced 
in acetic acid solution. It is sulphonated by sulphuric acid. The 
dark brown sulphonated product dissolves in aloohol ether, acetone, 
glacial acetic acid, chloroform ; also in toluene and benzene ; insoluble 
in potash solution. There is separated from the resin solution from - 
which the potassium salt of sandaracolic acid was separated by 
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stiok potash, on the addition of HCl, a yellowish precipitate, difficult 
to purify even after repeated precipitation from its alcohol solu- 
tion by water and re-crystallization from strong alcohol, tubular, 
colourless crystals separate, melting-point 248“ C., which dissolve in 
alcohol, ether, acetone, glacial acetic acid, dilute potassium carbon- 
ate, and concentrated potash (differentiation from sandaracolic 
acid), insoluble, however, in benzene, toluene, chloroform, and petro- 
leum ether. This acid, callitrolic acid, gave on analysis — mean of 
two : C = 77'60; H = 8*46. Calculated for : C = 78*15; H = 

8*40. The molecular weight estimation gave 921, the formula 
CggHg^Og requires 952. Heated in tube for eight hours with acetic 
anhydride at 175°, callitrolic acid yields an acetyl derivative 
soluble in chloroform, benzene, toluene, glacial acetic acid, and 
potash solution. Analysis — mean of two : C = 77*67 ; H = 8*38. 
Calculated for C^vH-yOgCH^CO : C = 77*26 ; H = 8*25. A hydroxyl 
has here also to be added to the formula. By digesting the alcoholic 
solution of callitrolic acid with freshly precipitated cupric hydrate, a 
salt is obtained in the manner already described, soluble in alcohol 
and ether, which crystallizes from the alcohol in green plates. Melt- 
ing-point, 185“ C. Two estimations gave Cu 5*73 and 6 per cent 
Cu content. The formula requires 6*21 per cent Cu. 

Callitrolic acid is thus dibasic. 

The earliest investigation of sandarach was made as far back as 
1839 by Johnstone, but his results were not very reliable. Beyond 
determining such constants as specific gravity, acidity, etc., nothing 
was done to ascertain the chemical composition of sandarach until 
1896, when Tschirsch and Balzer determined the composition of 
sandarach as sandaraolic acid 85 per cent, callitrolic acid 10 per cent, 
ethereal oil and bitter principle 2*84 per cent, water 0*5 per cent, 
ash 0*1 per cent, impurities 1*5 per cent. The composition was 
ascertained by saponifying the resin with caustic potash, separating 
out the acids by fractionation and treatment with acid, as just de- 
scribed — a process that is open to the objection that the saponifica- 
tion may cause some changes in the composition of the acid bodies 
present, so that these are not ultimately obtained in the same con- 
dition as they are present in the original resin. 

Henry recently examined sandarach and incidentally reviewed 
the work of former investigators, and finds that they have, made 
numerous arithmetical errors in calculating the results of their ex- 
periments, which renders their statements as to the composition of 
the compounds they separated from the resin of no value. Henry's 
results are as follows : Sandarach contains a mixture of resin acids 
and volatile hydrocarbons. To separate the latter Henry adds 
alcoholic potash to the alcoholic solution of sandarach, removes the 
alcohol by heating, and dissolves the residue in water by agitating 
the solution with ether. He extracts therefrom two hydrocarbides, 
one consisting of a diterpene, boiling at from 260^ to 280^ 0., 
specific gravity 0'9386^ having the formula OfoEu, and a pineneter- 
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pene having the gravity 0*858, boiling from 152° to 159° C., and 
having the formula There are two resin acids in sandaraoh, 

one is a crystalline pimaric acid, separated from the alkaline 
solution of the resin, repeated precipitation by 20 per cent potash 
having the formula C2oH3g02, melting at 171° C. ; soluble in 
alcohol ether, chloroform, and acetone, but insoluble in water and 
petroleum. The molecular weight appears to be 302. Henry made 
and examined many compounds of this acid, which is the chief con- 
stituent of the resin. It yielded on oxidation probably trimellitic 
acid, no oxalic acid or acetic acid. The other acid is callitrolic acid, 
having the formula Cg^H^gO^. Henry does not give the propor- 
tions of these constituents present in the resin. 

To clear up the difference between Balzer’s results and those of 
Henry, Tschirsch and Wolff made a new examination of sandarach, 
using the methods adopted for the examination of coniferous resins 
which were not known when sandarach was first examined by 
Tschirsch. The sample examined was completely soluble in alcohol, 
acetone, amyl alcohol, turpentine oil, petroleum ether, benzene, tolu- 
ene, xylene, and carbon disulphide. It was completely soluble in 
3 parts ether. On diluting with ether much white resin was precipi- 
tated. Sandarach dissolves clear in ether if dilute acetic acid or 
dilute HCl is added. Acid value : direct, 138*6 to 140 ; indirect, 
141*4 to 142*8. Saponification value : cold, after twenty-four hours 
162*4, forty-eight hours 161*0, seventy-two hours 163*8, ninety-six 
hours 165*2. Saponification value: hot, one hour 166*6, two hours 
163*8, three hours 168*0, four Ihours 166*6. Dry distillation gave 
neither succinic acid nor retene nor hydroretene. 

Ammonium carbonate extracted about 2*3 per cent of the 
sandarach. The resin acids were precipitable by lead or by strong 
potash. The free acid dissolved in the usual solvents, but not in 
petroleum ether, chloroform, and benzene. It was termed sandara- 
oinic acid. It is amorphous, it is coloured red at 175° C. Melting- 
point, 186° to 188° with decomposition. It contains no methoxyl, 
is optically inactive. Analysis — mean of two: C = 76*09; 
H =» 10*17. Calculated for : C = 76*30; H =* 9*83 per 

cent. Potassium salt titration gave 10*32 per cent K. Calculated for 
C 5 j. 2 HggK 03 =» 10*16 per cent K. Acid value : direct, 162*4 ; indirect, 
162*4 to 163*8. Saponification value : cold, twenty-four hours 173*6, 
forty-eight hours 175. Saponification value : hot, one hour 173*6, 
two hours 176*4. Extraction with soda yielded an acid mixture 
which could not be separated by potash, only by lead acetate, into 
two portions. The addition of lead acetate to the extract was re- 
peated until the crystalline acid re-dissolved in the excess of lead 
acetate, from which it was then precipitated hy other acids. The 
acid precipitated by lead ; the sandaracinolic acid dissolves in the 
Usual solvents; not in chloroform, benzene, or petroleum ether. 
Melting-point cannot be determined. The substance decomposed 
ubout 265° to 275° C. Analysis— mean of three ; C 77*72 ; H 
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9*93. Calculated for C24H3g03 : C « 77*42 ; H « 9*68 per cent. 
Potassium salt by titration gave 10*06 K. Calculated for C 24 H 35 KOg 
=* 9*51 per cent K. Acid value : direct, 159*04 to 161*28 ; indirect, 
160*16. Saponification value: cold, twenty-four hours 160*16, 
forty-eight hours 161*28. Saponification value: hot, one hour 
164*64, two hours 170*24, three hours 172*48. On hot saponification 
the solution turns red ; methoxyl is absent. It can be acetylated. 
The acetylated product was not obtained pure enough for analysis. 
Boiled with alcoholic potash hydrolysis occurred, then a slight 
partial decomposition. The acid not precipitated by excess of lead 
acetate ; the sandaraco pimaric acid was after purification by ethyl- 
methyl alcohol obtained as long crystalline needles 1 to 2 cm. long 
which dissolved in the usual solvents and also in petroleum ether. 
Melting-point, 170“ C. From dilute alcohol the acid crystallizes in 
rosettes. 

TABLE LXXIX.— ULTIMATE ANALYSIS OF SANDAUACINIC ACID. 

Analysis— mettn of three : C = 70-08 ; H - 10*17. 

Calculated for C,s,H»,0.j : C 79*10 ; H = 9-73. 

„ CaoH^O.. : C = 79*47 ; H = 9*94. 

„ CjoHxiOj : C = 78*94 ; H == 10*3r). 

The potassium salt gave 11 per cent. 

CigH^KO, requires 11*96 per cent K. 

CjoHaaKOa ., 11*47 

CaH,,KOa „ 11*40 

The silver salt gave 26*69 per cent Ag. 

CiaH^AgO, requires 27*32 „ 

Ca,H,,AgO, „ 26*39 

^30^31*^8^8 *« 20*26 . „ 

The average iodine value = 139. Acid value: direct, 186*6 ; in- 
direct, 186*6. Saponification value : cold, twenty-four hours 188*83, 
forty-eight hours 192*27, seventy-two hours 194*0. Saponification 
value : hot, one hour 194*0, two hours 196*8. The acid contains no 
methoxyl and cannot be acetylated. It is identical with the i-pimaric 
acid isolated by Henry. 

By extracting the last extracted fluid by energetic shaking with 
carbonate of soda solution a sodium compound was isolated which 
crystallized from both water and benzol, as white mother-of- 
pearl shining crystalline plates. The melting-point of air-dried 
substance is 83° to 85° C. It dissolves in solvents to a colourless 
solution, is odourless and tasteless, and does not reduce Fehlinga 
solution. When stored some time in a dessicator the substance 
gives off a formaldehyde-like odour, takes a bitter taste, be- 
comes pasty, and reduces Fehling’s solution and silver nitrate. 
With water it then gives an incomplete turbid solution which 
clarifies on the addition of . a little soda, yet remains coloured 
a deep yellow by further addition of dilute soda. Several tests 
of the salts obtained by precipitation show no agreement in 
the elementary analysis. Thus one precipitate gave mean of two : 
C 71*37 ; H •> 9*47. Another precipitate stored several weeks 
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over P 2 O 5 gave mean of two : C - 76'46 ; H « 9*84. The free 
acid showed on long storage as the salt did a smell and a bitter 
taste, and also reduced Fehling’s solution when dissolved in caustic 
soda. Whether any, and if so, what relationship this free acid 
bears to Henry’s anhydride of callitrolic acid, from which he 
separated from its solution in absolute alcohol by the addition of 
dilute sodium alcoholate and the decomposition of the unisolated 
precipitate a crystalline sodium salt, cannot yet be exactly de- 
termined. 

The substance with the bitter taste remains on precipitating the 
acid with water acidulated by HCl or H 2 SO 4 , and can, by evaporat- 
ing the residue and neutralizing the filtrate, be extracted by alcohol 
On driving off the alcohol a brown mass remains with an intensive 
bitter taste similar to that of sandarach. Further characteristic 
reactions could not be tested with the small amount found. Here 
for the first time is shown^an example of a tasteless resin becoming 
bitter which throws much light on the auto-oxidation of other resin 
acids. The resene sandaracoresene is soluble in alcohol ether, 
acetone, benzene ; insoluble in petroleum ether and alkalis. It 
melts at 57° C. It forms about 3*3 per cent of the resin. 
Analysis — mean of two : C - 79*59 ; H = 10*71. Calculated for 
C 22 H 3 ,j 02 ‘ C = 79*52 ; H = 10*84 per cent. The bitter principle 
found in the extracts was unattainable. The ethereal oil passed 
over between 152° and 159° C. ; it forms about 1*3 per cent of the 
sandarach. Researches up to the present time have established that 
Henry’s i-pimaric acid is identical with sandaraco-pimaric acid, the 
presence of a resene, ethereal oil, and a bitter principle, also a sub- 
stance which gives a crystalline sodium compound which in three 
tests of sandarachs from different sources was also isolated. The 
more intimate properties of the amorphous acids, the preliminary 
extraction and subsequently crystallization of callitrolic acid require 
further examination. 

Australian Sandarach . — This resin has now been on the London 
market for nearly two decades. An article in the “New South 
Wales Agricultural Journal ” by Maiden, which the writer intro- 
duced to a London journal devoted to the oil and colour trade, 
first brought this colonial resin prominently before spirit varnish- 
makers. The data which follow regarding Australian sandarach are 
from the same source. According to Maiden it was a specimen of 
resin from the Oyster Bay pine of Tasmania, sent to the Exhibition 
of 1851, which first drew the attention of experts to the possibilities 
of Australian sandarach. For “ the fine pale resin of the Oyster 
Bay pine (Callitris Australis) from the eastern coast of Van Die- 
men’s Land, and other gums and resins, Mr. J. Milligan was awarded 
honourable mention ’’ (Jury Report, 1861 Exhibition, p. 182). But 
for nearly half a century this product ran to waste. 

Sources of Australian Sandarach. The Various Kvids of Cypress 
Pines . — The cypress pines all belong to the natural order oonifern 
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(oone-bearers), and are therefore allied to the pines, firs, spruces, 
etc., of the Northern Hemisphere. They belong to the genus 
CallitriSy which is mainly a synonym of Frenela. (The word callitris 
is from the Greek, Kallos^ beautiful, in allusion to the appearance of 
the trees ; Frenela is in honour of M. Frenel, a former member of 
the French Academy.) 

In the Australian Colonies there are twelve species of CaWt^m,and 
some of them have varieties more or less marked, so that there are 
a goodly number of Australian cypress pines. Four of the species — 
Borif Dnmmondii, actum trobus^ and acurmnata — are confined to 
Western Australia, and have of course a limited interest in the 
Eastern Colonies. C. oblonga is only found in Tasmania. 

There are no means of estimating the consumption of sandarach 
in this colony, yet New South Wales ought to be able to supply the 
local demand, and have a good surplus for export. 

The cypress pines that are found in New South Wales are 
seven, namely : — 

1. Callitris macleayana — “Port Macquarrie Pine,’* an elegant 
species now often seen in gardens. [No. 2 now included in No. 1.] 

2. C. parlatorei — “Mountain Cypress Pine,” “Stringybark 
Pine These two species are closely allied, and are both found in 
the north coast districts. They are not as abundant, nor do they 
yield sandarach as freely, as the other species. [See No. 1.] 

3. C. verrtiGosa — the “White or Common Pine,” often simply 
known as pine or “Cypress Pine,” but also as “Malee Pine,” 
*'Bock Pine,” etc., and well known under its name of “Murray 
Pine”. It is the most widely diffused of all the cypress pines, 
being found in every one of the mainland colonies. It is easily 
known by its rather ornamental warted cones. [Now divided into 
several species, chief of which is C. glaucus.] 

4. C. coltmellaris — This is usually known as “ Cypress Pine,” 
and it attains a great size. It appears to be confined to the coast 
districts and moderate elevations of Northern New South Wales and 
Southern Queensland. 

. 6. C. Muelleri — “Illawarra Pine,” “Mountain Pine”. This 
species is often very ornamental. Its range does not appear at 
present to be very well defined. Maiden has collected it at Middle 
Harbour, Port Jackson, and in the Blue Mountains (Mount Victoria). 
It has been sent to him from the Illawarra. Mr. Baker has collected 
it at Bylstone in the Mudgee district. 

6. C. (yupressifoTTiMf perhaps better known by its synonym of 
rhcmboidea. This pine Maiden has known to be a good deal confused 
in New South Wales with the preceding. Of course the cones are 
quite different. It is usually simply known as “ Pine ” or “ Cypress 
]jnne It is extensively diffused in the coastal districts. 

7. C. oaloarata, better known under its synonym of Frenela 
Bndlickeri, Everybody knows it under its name of ” Bed or Black 
Pine,” whose timber is so largely used in the western parts of the 
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oolony, where white ants are prevalent. There is no need to 
further allude to the species here. 

Of the above, C. verrucosa and C, calcarata will be found by far 
the most important from a commercial point of view, but the others 
all produce excellent sandarach. 

Chemical and Physical Properties of Australian Sandarachs . — 
Maiden’s experiments tend to show this : Given similar circum- 
stances in regard to size and age of tree, season of flow, climatic 
conditions, etc., the sandarachs from all the species are precisely 
similar in chemical and physical properties. Conversely it follows 
that if two specimens of sandarach are of different qualities, the 
explanation is to be found in the circumstances above enumerated. 
What is the best season to collect sandarach or to bleed trees in a 
particular district is only to be learnt by experience, and enough 
has been said to show that it is worth the trouble to try and find out. 
Australian sandarach hums readily, and on the Snowy River (near 
the Victorian border) it is often mixed with fat by the settlers to 
make candles. The aborigines used frequently to use it for a similar 
ourpose. Sir Thomas Mitchell (“ Three Expeditions,” II, p. 37) 
says : “ Each carried a burning torch of the resinous bark of the 
Callitris, with the blaze of which these natives (Lachlan) seemed to 
keep their dripping bodies warm.” 

1. Callitris verrucosa, R. Br. (syn. Frenela robusta, A. Cunn). — 
A sample of Murray pine resin from Quiedong, near Bombala, has 
a pale, bleached appearance, much lighter than ordinary sandarach. 
Externally it has a very mealy appearance. Water has no effect on 
it. In rectified spirit it almost wholly dissolves, leaving a little 
whitish resinoid substance. Petroleum spirit dissolves 5 per cent 
of a perfectly colourless and transparent resin. 

Speaking of “Mountain Cypress Pine” or “Desert Pine” (C. 
verrucosa^, the catalogue of Victorian exhibits, Colonial and Indian 
Exhibition, 1886, states : “ A sandarach in larger tears than ordinary 
sandarach is yielded by this species. It yields it in considerable 
abundance, 8 or 10 oz, being frequently found at the foot of a 
single tree ; but though this exudes naturally the supply is stimu- 
lated by incisions.” 

“ It is a transparent, colourless, or pale yellow body, fragrant 
and friable, fusing at a moderate temperature and burning with a 
large smoky flame, very soluble in alcohol and the essential oils, 
and almost totally so in ether. Turpentine at the ordinary tempera- 
ture does not act upon it, nor do the drying oils ; but it may be 
made to combine with these solvents by previous fusion ” (“ Report 
on Indigenous Vegetable Substances, Victorian Exhibition, 1861”)., 

This resin was used to make firm the union, after lashing, of the 
hardwood head to the reed in making of reed spears by the 
aborigines of Victoria. The resin was called by them Bij-jin-ne 
(Brough Smyth, “ Aborigines of Victoria,’* I, p. 306). 
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A sample of New South Wales resin of this species is of a dark 
amber colour, and externally possesses the dull appearance found on 
lumps of amber. It is the darkest specimen of an Australian 
sandarach hitherto examined by Maiden. It almost wholly dissolves 
in rectified spirit, yielding a bright yellow liquid, leaving 2*5 per cent 
of an insoluble residue. Petroleum spirit removes 22*8 per cent of 
a clear resin when the original substance is digested in it. 

Callitris verru<iosa, R. Br. (syn. C. preissii, Miq. partly). — The fol- 
lowing note by Dr. Julius Morel (“ Phar. Journal,” [3], VIII, p. 1025) 
in regard to a specimen of South Australian resin is interesting: 
“ With sandarach resin may be connected another resinous substance 
which was exhibited in the Paris Exhibition of 1867 from South 
Australia under the name of * Pine Gum ’. It is the ‘ gum ’ of Cal-- 
litris preissii, Miq. The product resembles sandarach, and might 
become an article of commerce. This resinous substance occurs in 
the form of slightly yellowish tears, thicker and longer than those 
of ordinary sandarach. In consequence of unequal contraction it 
presents, like sandarach, numerous facets, and consequently, the 
surface appears to be covered with a %vhite powder. In its trans- 
parency and hardness the resin corresponds to sandarach. Its 
odour is very agreeable and balsamic, and the taste is bitter and 
balsamic.” 

2. Callitris columellaris^ F.V.M. (syn. Frenela robmta, A. Cunn ; 
var. Microcarpa, Benth). — A sample of resin from this species 
dissolves almost entirely in rectified spirit, forming a pale yellow 
solution. The insoluble residue amounts to 4*6 per cent. Petroleum 
spirit when digested on the resin removes no less than 35*8 per cent 
of a transparent colourless resin. This is a remarkable percentage, 
and it would be interesting to inquire whether Australian sandarach 
becomes increasingly soluble in that menstruum by age. An ordin- 
ary sample of commercial sandarach yielded 8'9 per cent to petroleum 
spirit. 

3. Callitris cupressiformiSf Vent (the “Oyster Bay Pine of Tas- 
mania,” partly). — This is the pine already referred to, and a brief 
account of the resin has been copied into many of the textbooks. 
Maiden has collected resin of this species from Port Jackson clear and 
transparent as water.- It turns pale amber colour if placed in a 
bottle, but its brilliancy shows no sign of diminution in that time. 
The Sydney trees readily exude their resin on slightly wounding, and 
the same remarks apply to the Tasmanian. 

4. Callitris calcarata^ R. Br. (syn. Frenela Endlicheri, Parlat), — 
A sample of red pine resin from the Lachlan River has freshly 
exuded, and has the colour and appearance of the best selected 
sandarach. Rectified spirit nearly wholly dissolves it, forming a 
beautifully clear, slightly yellowish fluid with 1*3 per cent of residue. 
Petroleum spirit extracts 22*1 per cent of an apparently perfectly 
colourless and transparent resin. 

Tested agcmst Mogadore Sandarach , — The CaHitris resins soften 
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slightly but do not melt in boiling water, and a sample of commercial 
sandarach behaved similarly. In the mouth they feel gritty to the 
teeth and in no way different to Mogadore sandarach. When freshly 
exuded they are very irritating to a cut. 

The properties of Mogadore sandarach are shared by Australian 
sandarach. Maiden does not know in what respect they differ, and 
the one article may, he says, be substituted for the other. 

Australian sandarach as it comes to the London market consists 
of much larger but non-transparent tears. Moreover, the yellow 
cast is not nearly so decisive as in Mogadore sandarach. According 
to Mr. Clark (E. Ingham Clark & Company), the Australian resin is 
very similar to Mogadore, and a very average sample of the former 
might, if properly washed with a weak solution of potash, equal the 
finest picked Mogadore sandarach selling at the date of Mr. Clark’s 
report, October, 1894, at 70s. per cwt. 

For the purpose of having a recent and reliable opinion in re- 
gard to these sandarach resins samples were sent by Mr. Maiden 
to the Director of the Eoyal Gardens, Kew, who kindly obtained 
the opinion of Mr. Robert Ingham Clark, a well-known authority 
in regard to such substances. 

Mr. Clark reported : “ For the purpose of comparison I have 
sent you some samples of the Mogadore sandarach, with their present 
market prices attached, which will approximately give you the 
values of the New South Wales kinds. 

“In character they are very similar, and could be used for the 
same purpose, excepting that the sample marked No. 2 after solution 
in spirit is inclined to crystallize out, which would be fatal to its use 
in spirit varnish. Mogadore samples are in a much cleaner and 
finer graded condition ; and it would be advisable to suggest that 
these latter kinds should undergo some system of washing, sifting, 
and sorting before being placed on the London market, there being 
a very material increase in value for what to the eye appeara 
a small improvement only. Samples sent with their to-day’a 
(31 October, 1894) value. 

“ 1342. Fine picked sandarach, 70s. per cwt. If your sample 
No. 1 was thoroughly washed and sifted it might equal this. 

“ 1345. Fine sandarach, 60s. per cwt. 

“ 1347. Ordinary sandarach, dusty, 47s. per cwt. 

“ I think if your sample were washed in a weak solution of 
potash it would remove the outside coating.” 

In concluding these remarks on Australian sandarach, it can only 
be urged once more (as in this treatise, Edn. I), that Australian san- 
darach has not hitherto received from British spirit varnish manu- 
facturers the attention to which its intrinsic merits entitle it, and 
which have only to be known to be appreciated. 

Amtralian Sandarach frmn Victoria . — Cordemoy gives the follow- 
ing particulars as to an Australian sandarach resin from Victoria. 
Australian sandarach (he says) is furnished in great part by the 
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Callitris vermoosa, K. Br. {Frenela verrucosa, A. Cunn). This coni- 
fer, the botanical characters of which greatly resemble the African 
species, inhabits the desert regions of the north and north-west of 
the Colony of Victoria. The resin exudes spontaneously from the 
trunk often to the foot of the tree, but the quantities obtained are 
more considerable if the exudation be stimulated by methodical 
incisions. This product is met with in large stalactitic masses 
consisting of numerous elongated tears or in fragments of various 
sizes. All the pieces are covered with a whitish dust due to super- 
ficial oxidation, but the fracture is brilliant and shows in the interior a 
pale yellow, limpid resin, of a pleasant smell but rather faint. This 
substance is friable and is easily pulverized. It is completely soluble 
in alcohol and in ether. When cold, spirits of turpentine has no 
action on it. If a mixture of this resin and spirits of turpentine be 
heated on the water-bath, it does not dissolve, but gradually softens, 
and is transformed into a pasty, stringy mass which adheres to the 
bottom of the dish. But the resin melts very easily at a moderate 
heat. If boiling turps be added to the fused substance, solution takes 
place without difficulty. A sample of resin of unknown origin from 
Queensland was found to resemble Australian sandarach in its pro- 
perties. The latter is obtained in the form of small yellow tears 
from Callitris calcarata and Callitris verrucosa. The following 
figures show the resemblance between the two resins : — 


Queensland resin 
Anstralian Randaraeh 


Speciflc Aciil 

(Imvity Niimher. 

1-0543 136-0 

1-060 135-8 


Solubility. 

Sol. in alcohol or ether. 

♦» « I* 


African sandarach, obtained from Callitris quadrivalvis, brings 
the highest price in the market, but this is probably due to its regu- 
larity, as there is no essential difference between this and the 
Australian variety. 

[Since the above was printed the botanists and chemists of the 
technological museum, Sydney, Messrs. Baker and Smith, have 
published a monograph on the Australian pines, the predominant 
genus of which is Callitris, but beyond separating the Callitris from 
the Thuya and the creation of the latter into a distinct s^jecies by 
itself, and the splitting up of some of the species described above into 
two or more distinct species, there is no real information of any. 
practical value as regards sandarach, except the testimony of numer- 
ous beads of schools that it flows abundantly, especially when 
wounded. Araucaria resin and Kauri resin are, however, well 
described, and one rises from a perusal of the book and its illustra- 
tions with the firm conviction that all three species of pine trees, 
Callitris, Araucaria and Kauri, could be successfully tapped on the cup 
and gutter system both for turpentine and resin, and that this would 
have been done ere now if Australia had been a French colony and 
not a British one, in proof whereof France many years ago intro- 
duced the cup and gutter system into New Caledonia,] 



CHAPTER XIX. 

SHELLAC. 

Shellac. — Shellac, the raw material par excellence of the spirit 
varnish-maker, is a secretion of the Tacchardia lacca, an insect allied 
to cochineal. Shellac, according to Tschirsch, consists of wax, 
colouring principle, and pure resin, and has the following percentage 
composition : — 

TAIM.E LXXX.— COMPOSITION OF SEED LAC (F ABNER). 


Wax ... 

Per cent. 
6-0 

Myrioil and oeryl alcohol, free and 
combined, and melessic, ceroli- 
nic, oleic, and palmitic acids. 
Identical with Schmidt’s laooio acid. 

Colouring principle 

6-5 

Pure resin . 

74-5 

Soluble in ether 05 per cent. 
Insoluble „ 35 „ „ 

Residue 

9*5 

Sand, woody debris, insect remains, 
etc. 

Water loss, etc. . 

3-5 

100-0 



The Tacchardia lacca lives on the juices of the tree on which 
it feeds. It sucks these juices up by a proboscis. The adult 
female cannot move, but the mature males emerge from their pupal 
cases, and, assuming a pair of long transparent wings, fly off to 
visit the females and soon after die. The larvae swarm at two 
different seasons, sometimes three, July and December, or also 
January. The larvae emerge from the dead bodies of the females 
and crawl off in search of fresh feeding grounds. At this stage 
they are minute orange-red creatures with no perceptible separation 
into head, thorax, and abdomen, but with fully-formed feelers and 
powerful legs. But nothing differentiates them into male and female i 
they measure about oi an inch. The swarming lasts some days, 
until the twigs are quite red and actually alive. Most, however, 
perish ; only a fortunate few are entrained, by the wind, or by bees, 
birds, or squirrels, or by their own unaided exertions, to fresh 
spots, where they fix themselves, and the now useless legs dis- 
appear. A resinous excretion, which is essentially different from a 
secretion, soon begins to accumulate around the bodies of . the' 
insects, and this excretion, to which each insect contributes its ocHPi^ 
tingent, swells to such an amount as to encrust the twig ooQH^- 
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pletely. If a longitudinal section of the encrustation be now made, 
the section shows a cellular structure with two descriptions of cells, 



A mJt tmmm. aftr^ Jrnmi mim, M ttmi U# 

C (LfAmm y JkJBm 9Jtmj$4 

Fw. Vl.'^Tacchwrdia laeca. the Uo-eecreting inseot (after Suter). 

Ucgei drotxlar oavems, more numerous (females), and smaller, oral 
46llt (males). About two and a half months after Swarming the 
jMles escaping from their cells assume wings (vide mpra) and flutter 
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away to visit the females. Soon the bodies of the females enlarge, 
and assume a bright red colour. She develops viviparous larvae 
and dies, her body becoming the incubation chamber of her 
numerous progeny, about 1000. These escape by swarming, and 
so this cycle of insect life and death re-occurs twice annually. 

If we examine a piece of stick lac, that is, the resinous matter 
on a twig, by the microscope, we find it pierced by numerous small, 
rounded orifices. Two small whitish spots are to be seen near the 
rim of these orifices. A section of the same lac, previously de- 
tached from the twig, consists of three layers ; a medium layer full 
of alveolar cavities, separated from one another by thin partitions 
of resin, and two other layers (cortical) lying on both sides of the 
preceding, the internal one very thin, the external one much thicker, 
both compact but traversed by whitish trains leading to medium- 
sized cavities on the periphery, where their extremities form the 
above white spots. The female insects settle on the young twigs. 
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Fio. SS.—Spherioal segments of Madagascar Shellac. 1, After nature, natural 
size* (Cordemoy) : a, external resinous layer; c, cells occupied by the insects ; 2, 
after Targioni Tozzetti, segment enlarged three times: a, external resinous mass; 
b, I whitish waxy trains ; c, broken extremities of the insects dwelling in the cells. 

They«are solitary or often grouped side by side. They fix them- 
selves by their anal extremity, furnished with long, silky, maxillo 
mandibularies. They surround themselves with a reddish-violet 
layer of resin. But from the periphery of this layer the anal 
tube emerges, possibly retractile, which they carry at their pos- 
terior. Each rounded orifice observed on the surface of the 
crude lac corresponds, therefore, to the anus, and it was from these 
orifices that Carter saw the young emerge. Moreover, on each side 
and at the base of the anal tube of the insect, two large mamillary 
tubercules are found, which Comstock regards as the lac-secretiou 
organs. These tubercules, situated near the posterior stigmata, 
exhibit at their base webs which yield a porous wax. Again, the 
less important waxy deposits of the internal layer are produced by 
webs placed near the anterior stigmata. This wax forms those 
whitish trains which traverse the compact cortical layers of the lao 
and come out at the surface. These trains of permeable wax place 
the tracheal apparatus of the insect in contact with the air on the 
outside. They are in direct relationship with the respiratory funo* 
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tion, because \vheii the cochineal is entirely submerged in the resin- 
ous mass they ensure free access of air to the stigmata. The 
alveoles of the middle plurilocular layer in which the insects dwelt 
are empty, or lined on their surface by a pulverulent coating of 
white w^ax, or again filled with the red colouring matter, also pul- 
verulent, which, according to Carter, is contained during life in the 
ovary of the insect. From this fact he deduced this practical rule, 
that to obtain lac with a maximum of colouring matter the shel- 
lac should be collected, at least in India, in the end of May or 
beginning of June, i.e. before the birth of the larvte, which carry 
with them the greatest part of this colouring matter. The wax in 
the lac is not therefore mixed with the resin ; it forms distinct de- 
posits and plays a special role in the biological history of the insect. 
When a piece of stick lac is suspended for some time in 95 per cent 
alcohol the resin dissolves and the wax appears as whitish threads, 
forming pencils, hung to the cells formerly occupied by the insects. 
If, therefore, there can bo no doubt as to the origin of the wax, that 
of the resin is less certain. However, the opinion of Carter, and of 
many other observers, that the resin is not an exudation of the tree 
but a secretion of the insect itself, is generally accepted. If the 
vegetable origin of the lac were accepted, it would be difficult to ex- 
plain how lac possessed the same properties upon whatever plant 
it be produced, the more so as the greater number of lacciferous 
trees do not exude resin of any kind. 

The following summary is quoted from Watt : — 

“ (1) There are two broods, the swarming of larva? taking place 
in July and again early in December. (2) It is commonly stated 
that the proper seasons to collect lac are in ^lay and June for the 
one and October to November for the other ciop, but it is believed 
that these periods were fixed with a view to preserve the dye as well 
as the lac. (3) Up to the emergence of the larva? the female insect 
is alive, and is continuing the process of formation of the lac. If 
the dye be of no consideration whatever, collection might be delayed 
until the escape of the larva;, and the consequent death of the female. 

‘ Stick lac gathered after the insect has emerged is known in Lohar- 
Sugga district by the name of Phunki. It yields scarcely any dye, 
but is very good for working into shellac (“Statistical Reports;” 
Vol. II, p. 406).' (4) The seed twigs intended for propagation 

should not be removed until immediately before the period of swarm- 
ing. Should seed twigs be cut off before maturing is attained the 
loss of supply of sap in the twig would kill the mother insects, and 
the brood be lost in consequence. The failures that have attended 
the attempts to send seed twigs from one part of India to another 
have been due mainly to the fact that the seed twigs were cut too 
long before the swarming period or too near it. In the latter case 
the larva: would escape during transmission, and finding no fresh 
twigs upon which to become attached would of necessity perish. 
(5) The larvae are so minute that the seed twigs must be carefully 
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attached to plants upon which propagation is contemplated. A 
string tied across the twig will often suffice to check the swarming, 
and the larvsB may be seen in thousands in the vain effort to pass 
underneath the string. The best way is to impinge the seed twigs 
across the bifurcations of the smaller branches of the tree. (6) The 
larvae are so minute that they are doubtless carried from tree to tree 
by wind, by birds, and by insects. It has been sometimes contended . 
that the lac insects do not injure the trees. Apart from the im- 
probability of this assertion, nature seems to provide for a migration, 
and it appears, therefore, possible that the deterioration in quality 
often complained of may be due to too long cultivation on the same 
trees ; but in this connexion I may add that the Collector of 
Monghyr recently sent me a few twigs of the peepal tree with lac 
encrustations on them, accompanied by a statement that the older 
peepal trees of the district were all being killed by the lac. But 
these trees possibly sheltered a different species of the insect. A 
very full account of the natural history of the lac insect will be found 
in a paper by H. J. Carter, F.E.S., in the ‘Journal of the Agricul- 
tural and Horticultural Society of India’ (Vol. XI, Pt. II, 1869- 
60).’- 

Watt summarized the reproduction of lac as follows : — 

“The system of propagation that at present prevails consists in 
lopping off a few twigs a little before the expected date of swarming. 
These are carried to fresh trees, or fresh boughs of the same tree, 
and tied on convenient and suitable positions. The larv® on swarm- 
ing crawl to new (? young) wood and become fixed. If the object 
in the collection of lac be to procure the red dye, the stick lac, that 
is, the lac-encrusted twigs, should be gathered before the larvae have 
swarmed. But if the resin lac be sought there would seem to be 
reason to delay collection until the s\varming has taken place. The 
industry assumed its present form while lac dye, if not equally 
valuable with the resin, was a profitable by-product. It is now 
valueless. Its presence admittedly depreciates the shellac very 
greatly. It necessitates expensive, and possibly to the resin injuri- 
ous, methods of removal, and the decomposition of the larvae gives- 
the offensive smell to the factory which wellnigh becomes a public 
nuisance. It would therefore seem that the time has more than 
come when this state of affairs might be mitigated by some change 
in the season of collection that would allow of the colour being very 
largely removed before the stick lac comes to the factory. The col- 
lecting seasons at present adopted are May to June for the one brood 
and October to November for the other. A delay of a month or 
six weeks in each case would see the swarming accomplish^.^ 
But that the lac dye is an unmitigated evil seems a pessimistic 
view ; however, the point is would this delay improve elasticity, etc., 
as well as colour ? In any case, why not improve the methods of 
extracting lac dye so as to put an article of such excellence on the 
market that if it cannot command its own price would at least, be 

19 
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assured of a recognized position. That this point has not been seen 
to before now is due to the inertia and laissez-faire attitude of the 
typical East Indian official. A really practical chemist should have 
no difficulty in utilizing shellac dye at a profit, and that too without 
injuring the shellac. This insect builds up this valuable dye at the 
sacrifice of its life for the sjpirit varnish-maker and shellac- bleacher 
to destroy it by chlorine. We seem still to live in a rude and 
barbarous age when that is the best we can do with our twentieth- 
century technical education. 

Watt discusses the question as to whether the well-known 
different qualities of lac are due to the plants on which it feeds, but 
believes that the grades of lac are due to being the resins of different 
species of insect. He urges that the lac insects found on leguminous 
plants or soft-wood plants, such as BiUea frondosa and Cajanus 
indicuSy can with difficulty be induced to live upon hard-wooded 
trees like Schleichera trijuga and Shorea robustay on which lac is 
nevertheless found. He further urges that there are special culti- 
vated races, e.g. those on Acacia Arabica. In Sind and adjacent 
tracts that plant is used as food stock, but hardly anywhere else is 
lac to be seen on that tree. Watt urges still further that here we 
have a special race or a remarkable climatic adaptation. Further, 
Watt states that all over India albino broods have been recorded as 
occasionally seen. Watt concludes that were the selection of stock 
placed on a rational and scientific basis, improvements in quality 
might be effected if it were not possible actually to evolve a white 
insect, or at all events one to a large extent devoid of the objection- 
able colour, the removal of which so seriously enhances the cost of 
the present-day resin (Watt). But Watt’s opinion is more that of 
the naturalist than that of the physiological chemist. On a tree 
which secretes a red tanno gum (kino) like the Butea frmvdosa even 
an albino insect might eventually secrete coloured lac. Surely a tree 
with a coloured juice is more likely to produce a coloured lac than 
a tree with a colourless juice. Watt goes on to say that the insect 
lives upon a large number of widely different plants. In the “ Agri- 
culture Ledger ” he has given the names of fifty-six trees. Those 
best known are Butea frondosay Fictis religiosa, Schleichera trijugay 
Shorea robustay and Zizyphm jujuba. These he says are all trees 
indigenous to India, so that the lac got from them may be called 
wild lac ; but two plants are specially grown for it, and here the lac 
insect is a plantation product and exists under a greater degree of 
cultivation than the wild insect. The plants specially grown are 
Acacia Arabica in Sind, and Cajanus indicus. The culture of the Ca- 
janus indicus is also pursued for this purpose in French Indo-Ghina. 
But Watt confesses that lac cultivation does not, at least in many 
localities, pay as a special plantation product. The crop, he states, 
is most capricious, both in yield and prioe~-one year highly profit- 
able, the next the margin so narrow that there is no inducement for 
extension. In witness whereof Watt quotes : — 
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Exports— Shellac. 

Cwt. Value. 

1902-3 196,000 1,048,991 

1908-4 178,000 1,466,067 


'I That is to say, in 1908-4 17,290 cwt. 
I less was exported, but the tota^ value 
f was nearly half a million more than 
I in 1902-3. 


The fluctuation might have been the other way about, viz. a 
loss. It is not surprising that with such fluctuations the supply 
should also fluctuate. 

Hail and rain often kill and wash away thousands of colonies 
of insects. Birds and monkeys damage them considerably, as do 
ants, who swarm up the trees to feed, as some say, on the sweet 
secretions of the insect. But Giard does not see that the ants are 
enemies of the cochineal, their relations with which have been badly 
understood. Their relations are mutualistic and in no way preda- 
tory or parentic. But in any case it is not advisable to try to 
produce lac where these insects prevail. A black fungus forms 
over the excrescence of the insect, and is often mistaken for a pest, 
but is in fact quite harmless. The caterpillar of a small grey moth 
attacks the insects and devours them greedily. It appears that this 
Occurs only with the winter crop. 

Cost of Production . — The following estimate is based on the 
actual experience of an Assam planter : — 


TABLE LXXXI.— AN ASSAM PLANTER’S SHELLAC PRODUCTION PROFIT 
AND LOSS ACCOUNT. 


Rent At Rf«.8 i)er acre for 80 acres 
Hoeing or cutting jungle between trees 
Upkeep of necessary buildings 
Cutting branches and putting in seed . 


Rs. 
240 
^ 320 
100 
H40 


Manufacturing charges at 5 per cent 

Packing and dispatching at 2^ per cent . . 

Calcutta charges for forwarding and river freight at 2J per cent . 
London charges for sea freight, dock and brokers’ charges . 


1000 

3500 

1750 

1750 

3000 


Proceeds of sales, 1750 at 14d. 
Deduct discount to buyers 


11,000 

26,250 

656 


Deduct expenditure 


25,594 

11,000 


14,5'.t4 


In the case of lac worked in connexion with tea or coffee, the 
amounts for European and native supervision and upkeep of coolie 
lines, etc., may be added proportionately according to circumstances. 
The planter referred to, however, lost nearly his whole crop next year 
from the attacks of a night moth. 

Stick Lao . — The lac-encrusted twigs collected from the trees 
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(first orop May to June, second crop October to November) are 
known as stick lac. The encrusted twigs are cut into short sticks 
(2 to 3 inches long) and dried in the shade. In drying the wood 
shrinks so as to leave the stick lac as hollow tubes, but still with 
much adherent wood, bark, debris, etc. The cutting up of the twigs 
into pieces of a uniform short size facilitates packing in bags, in 
which it is conveyed to market and sold through different brokers 
to the manufacturers. In fact, the stick lao passes through the hands 
of many middlemen before it reaches the factory. Take Assam lao : 
the actual cultivator sells the lac to a Garo trader at the foot of the 
hills ; he, in his turn, sells it to a Bengali trader at the markets of 
Jira, Nibari, and Damra; it is then carted to Goalpara, and pur- 
chased by a Goalpara merchant, who ships it to his agent in Cal- 
cutta, who now disposes of it to the Calcutta manufacturers. 

Watt quotes a quaint practice usually followed in most sales of 
lac. The buyers and sellers join hands and sit facing each other, a 
cloth being thrown over the hands. The buyer presses certain 
fingers of the seller’s hands, thus making an offer. This is usually 
rejected by making a motion of the head, and further finger-pressing 
ensues. Finally the bargain is struck without uttering a word. 

Stick lac is only imported into Great Britain in much smaller 
quantities than the prepared lac. Users shirk the trouble of separating 
the lac from its matrix of bark and woody fibre. Not even the assur- 
ance that here, at least, they are handling the genuine article will 
induce them to do so. The reason is not far to seek. The spirit 
varnish industry was for a long time a hole-and-corner business, 
carried on by small men who, making a big profit on their small 
output* were too purse-proud and too little inclined to get out of the 
rut in which they moved. The labour incidental to their operations 
was almost nil, and they took good care it stopped at that. The 
less mankind has to do the less he feels inclined for further exertion. 
But in these days of technical education British varnish-makers 
will, it is to be hoped, see the force of importing the stick lao direct, 
and of working it up for its dye for use as a varnish stain. What a 
ridiculous caricature of twentieth -century technical education it is to 
remove the dye inherent to shellac only to replace it by Bismarck 
brown. Besides forming per se an excellent natural spirit varnish 
stain, lac dye could be utilized in the coloration of oil varnishes 
and to make coloured rosinates and resinates for spirit varnish- 
making. 

Se^ Lao . — ^This consists of the stick lac ground and crushed 
to rounder pieces, corresponding so far to the female cells. The 
dust is termed Khud. 

Preparation of Lao Dye and Lao Lake . — The pure sifted seed 
lac is washed in large stone troughs and left covered over with 
water for twenty-four hours. The wood which floats to the top is 
removed, dried, and used as fuel. A man or woman now enters the 
trough or tub, and seizing hold of a cross-piece at a suitable height, 
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treads with the bare feet on the granular lao 
and presses it against the sides and bottom 
of the trough, after the style of the Scottish 
peasantry in blanket washing. The lac is 
thus broken up into a still more finely granu- 
lar condition, and the water becomes of a 
deep claret colour. This deep-coloured water 
is run away, and the washing repeated till 
the wash water comes away colourless. The 
washings can be evaporated down and pressed 
into cakes so as to form lac dye. The washed 
granular resin is now called washed seed lac, 
and is sifted into two grades, granular and 
dust ^gaiid). When machinery driven by 
steam is used in the lac factory, after the 
stick lac is passed through the mill and sift- 
ing, the ground lao returning to the crusher 
everything that does not pass through the 
sieve, the sifted product is stirred with beaters 
:n a revolving cylinder with a weak solution 
caustic soda which dissolves the colouring 
Matter ; the alkaline solution is decanted, 
ind a solution of alum added which precipi- 
;ates this colouring matter and the fraction 
)f shellac dissolved by the alkaline lye. 

The precipitate is pressed into cakes which 
ire dried in the sun. A product is thus 
obtained which contains 50 per cent of 
jolouring matter. 

The colouring matter of lac was prepared 
m India and was extensively used as a scarlet 
dye-stuff, for the production of which it was 
a most etficient substitute for cochineal. Two 
forms of it were imported, called lac lake and 
lac dye. These substances contain about 60 
per cent of the colouring matter, mixed with 
more or less of the resin, and with earthy 
matters^ said to consist chiefly of chalk, 
gypsum, and sand. According to Dr. Ure 
(“ Dictionary of Arts," etc.), the cakes of 
lao dye imported from India, stamped with 
peculiar marks to designate their different 
manufactures, were employed exclusively, in 
England, for dyeing scarlet clotb» and were 
found to yield an equally brilliant colour, 
and one less easily affected by perspiration 
than that produced by cochineal. The solvent Fio. 89. — Stiok Lao pro* , 
of the lao dye is dilute sulphuric or hydro- on a branch o( 

^orio acid, eapeoially the latter, and the "’*”*** 

mordant is stannic chloride and tartar. 
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The details of the process were given by Ure and by Dumas. The 
general characters of the colouring matter of lac appear closely to 
resemble those of cochineal and kermes. 

The demand for cochineal, says Watt, served the useful purpose 
of pointedly directing attention to the lac dye. This, though in- 
ferior, was quite good enough for most of the purposes to which 
cochineal was put, and had the advantage of being considerably 
cheaper. A large trade in lac dye accordingly sprang into existence 
that gave the impetus for numerous lac factories owned directly or 
indirectly by the East India Company. At this time was invented, 
and by Europeans doubtless, the method of manufacturing lac dye 



Fio. 40. — MadagEiscar Lac in two moat common forma : 1, globular form ; 2, 
ellipsoidal form. 

into special cakes ready for use. Such importance did this assume 
that it dwarfed the gum lac of the earlier commerce until it might 
almost be said that the resin (lac) became a by-product of*the lac 
dye factory. To this circumstance is due the fact that the methods 
of cultivation, of collection, and of manufacture, were invented and 
perfected with a view to produce the dye, one might almost say at 
the expense of the resin. The dye gave the profit to the industry, 
but ^ir W. Perkin’s discovery of aniline struck at once the death- 
blow of both the Mexican cochineal and the Indian lac dye industries. 
By this time, however, new methods and directions of using the 
resin lac had been discovered in Europe, and the interest of the 
factory shifted until the dye became first the by-product apd ulti- 
mately the useless waste or material of the factory. Here, then, 
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we are presented with a demonstration of the startling fact that a 
by-product, that can be produced at an almost nominal cost, cannot 
of necessity contest the market against the products of the chemical 
laboratory. Attention was thus concentrated on the resin, and it 
soon became the chief features of interest. James Kerr (“Phil. 
Trans.,” 1781, Vol. LXXI, p. 374) was one of the first to mention 
and describe the manufacture of shellac. From about that date, 
therefore, the modern factory industry may be assumed to have 
originated. 

In some places the seed lac after treading in the tubs is washed 
or even boiled in crude carbonate of soda lye, or in one of soda and 
borax, or of crude carbonate of potash, or in borax alone, or of 
aliens, after • which it is almost white. But in the larger shellac 
factories seed lac is not washed in any of these lyes, but repeatedly 
washed in pure water, but not bleached. Some allege that bleaching 
weakens the lac. After washing, or washing and bleaching, the seed 
lac is spread over special floors exposed to light and air, by which 
it is thoroughly dried and still further bleached. 

The dried washed seed lac is now mixed with certain ingredients 
according to the object in view. One of these is orpiment- 
arsenious sulphide (yellow arsenic) AS 2 S 3 . This substance is often 
Unwarrantably classed as an adulterant. But Watt gives good 
reasons for its use. According to Watt, “the arsenic is said to 
make die lac opaque and a rich straw colour, but its action would 
appear to be mainly, if not entirely, mechanical ”. But that, in our 
opinion, only half states the case. Before the arsenious sulphide 
can act mechanically it must first combine with one or other of the 
ingredients of the shellac in the same way as the red sulphide of 
antimony does with rubber. The r61e which orpiment plays in 
shellac manufacture is therefore a vulcanizing one, and to the orpi- 
ment in great measure is due the nerve and spring and elasticity of 
orange shellac. Watt freely admits “that the hand-made machineiy 
lac possesses certain properties never attained by the steam machi- 
nery factories”. This is due very evidently to either the non- 
absorption of the yellow arsenic or to its bad admixture at an 
unsuitable temperature with the shellac. This point can be settled 
definitely by determining the breaking strain of the various grades 
of pure shellac made by fire-heat and steam-heat respectively, estab- 
lishing the relation between thickness and breaking strain, and doing 
the same with orpiment-treated shellac made by fire-heat and steam 
respectively. But to condemn orpiment as an adulterant, as was 
done recently, because orpiment was found untouched in the 
French polish vats, is radically unsound. It may be liberated in 
these vats in the free state by a thousand and one different 
causes. If vulcanized rubber were dissolved in terpineol, which is 
said to act as a solvent, antimony sulphide if it were the vulcaniz- 
ing agent used would undoubtedly be found as a residue from a 
rubber so treated. Therefore, to follow the logical conclusions of 
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these observers, antimony sulphide, in all conditions, is a rubber 
adulterant. Attempts have frequently been made to replace arseni- 
ous sulphide, but Watt says: “The inquiry for a substitute for 
arsenic has often been made though not as yet supplied. A yellow' 
colouring material that will fuse into the lac when subjected to the 
temperature of 36 lb. steam power is required". Ma^k the word 
‘*fuse,*’ that can only mean that the orpiment dissolves in the 
shellac, Mark again that a substitute is not required for orpiment 
at a fire-heat. Why? Possibly because orpiment does its work 
very well with fire-heat but not so well with the lower steam. 
These criticisms are put forward, not as ascertained facts but as 
points to be investigated before deliberately denouncing orpiment 
as an adulterant. Possibly zinc sulphide might replace orpiment. 

Coming to rosin. Here again, “ the object of the rosin,” says 
Watt, “ is to lower the melting-point, a condition essential to many 
industries and one known from fairly ancient times (witness Acosta’s 
allusion to it in 1578). Its value, therefore, is fully recognized, a^id 
a certain amount is not only admissible by the rules of the trade (2 to 
3 per cent), but few of the shellacs that are regularly exported can be 
said to be entirely free from rosin. During seasons of high prices 
the proportion is often, however, raised until it passes from the con- 
dition of permissible admixture to what might be called criminal 
adulteration.” But to call a substance when used in a judicious, 
and in the eye of the trade a perfectly legitimate, manner to lower 
the melting-point of shellac so that it will so far melt without such 
charring or decomposition, that it does not lose after fusion all the 
good properties that it had prior thereto, an adulterant, is to fail to 
Bee matters in their proper light and in their true proportion. 

Melting Lac — Hand Process. — The arsenious sulphide or orpi- 
ment AsgSj is ground to a fine powder and then mixed with the 
pulverized rosin and with the specially bleached and w^ashed lac, and 
then the thoroughly uniform mixture is run into long narrow bags 
20 feet by 2 inches. For one quality of lac American drill is neces- 
sary, for another a cloth specially made at the Cawnpore cotton 
mills is used. After being charged the bag is arranged in front of a 
long open fire and so arranged that the attendants can twist it as it 
is being slowly moved along. The man in charge sits on a little 
raised mud platform immediately to the left of the fire and some- 
what behind it. He holds the end of the bag in his left hand and 
apparently at the outset does not twist the bag but simply resists the 
twisting action produced by his assistant. The fused lac in the 
portion most exposed to the dry heat is thus squeezed through the 
bag. Every now and then the leading hand gives his end of the 
bag a twist in the opposite direction to the twist of his assistant, and 
thus the portion from which the lac has been removed coils up like 
a rope. The bag is drawn forward very steadily as each portion in 
its turn is exhausted. The foreman wields at intervals three 
weapons : (1) a long iron-hooded poker with which he stirs the fire 



SHELLAC. 


29 ? 

(2) a wooden spoon with which he every now and then sprinkles 
with water the tiled floor in front of the fire ; (3) an iron scraper 
with which he removes the fused lac as it oozes on to the surface of 
the bag and allows it to drop on the damp floor. If not sufficiently 
cooked the fused lac is picked up from the floor and once more placed 
on the top of the bag and re-fused (two to three times). Great skill 
is required in knowing when the lac is cooked to the proper extent. 
Hand- made lac possesses certain properties never attained by steam 
machinery factories. Eventually the whole of the contents of the 
bag are wrung through it ; they drip as just ^een on the floor in 
front of the fire or into troughs containing water or on heated stone 
flags. 

Shellac . — The next stage in the process is the conversion of the 
lac into sheets. A sufficiency of lac in a state of fusion is passed to 
an assistant, who places it in an earthen or zinc tube filled with hot 
water fixed in the ground at an angle of 45° to the floor (or on a 
green banana stem). The molten lac is spread out by aid of a ribbon 
of palm-leaf and stretched between the hands into a thin skin, say an 
eighth of an inch thick. But though this looks easy it requires great 
skill to be able to use the exact dexterity to induce the lao to distri- 
bute itself in a compact uniform sheet. This sheet or skin is clipped 
off the tube and then handed to still another assistant, who bringing 
it in front of the fire grasps it between his toes, teeth, and hands, 
and widening his legs as he expands his arms and straightens both 
body and neck, draws or stretches the sheet out into one of three 
or four times the size of the original, and thus reduces it to the 
thinness of tissue paper. It is then laid on a mat and allowed to 
cool gradually (Watt). When quite cold the sheets are assorted 
according to colour, after all impurities and darker portions have 
been removed. When the select pieces are broken up they consti- 
tute what we know as shellac. But no part of the lac is rejected 
altogether. The pieces rejected either go to make up lower grades 
or are again mixed with dark-coloured seed lao and used up in the 
making of grades in which colour is of no object. The refuse retained 
by the melting bags is removed and the bags are boiled with a little 
alkali, and the resulting extracted lao is made into cakes 6 inches in 
diameter and 1 inch or more thick and is known as kiree. These, 
according to Watt, are possibly the “great cakes” alluded to by 
the East India Company as procured in 1816 from Agra, as also 
the lump lao of their early commercial returns. These cakes are 
sold, like the “ khud ” and “ gaud,” to the manufacturers of sealing- 
wax, bangles, toys, etc., and by the cabinetmakers such crude lacs are 
largely employed to cover up cracks in wood. Exported it is used 
for cheap French polish. Only in the case of TN and a few other 
brands is it specially stipulated in contract notes that the bulk on 
delivery must not contain more than a certain percentage of ^sin. 
Many grades of. shellac are simply bought on the stipulation that 
the bulk is to be equal in quality and colour (not in condition) to a' 
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sealed sample in the broker's office. When the delivery comes to 
hand a sample representing 10 per cent of the bulk is taken and 
adjudicated on by the buyer and the broker. If they disagree the 
dispute is referred to two arbiters, who decide generally on the 
comparative physical properties of the sample. They may call also 
for an analysis. If the arbiters disagree an umpire settles the dis- 
pute, and he also can call in the aid of a chemist if need be. 

Shellac comes to the London market in either a “free,” 
“ matted,” or blocky condition. The shellac is described as “ free ” 
if its constituent leaves are not cemented or agglomerated in any 
way. It is described as “ matted ” when the leaves are agglutinated 
together by the high temperature it undergoes on the voyage, say in 
passing through the Red Sea. The shellac is described as “ blocky ” 
when the constituent leaves have become consolidated or caked into 
blocks which require mechanical effort to separate them. The state 
in which shellac comes to the port of delivery is a matter of vital 
importance, as it may be in such a condition as to be unsaleable ex- 
cept at a sacrifice. If the ownership of shellac bought c.i.f. passes 
to the buyer the moment the consignment is put aboard at the port 
of export, and all that happens to it in transit, is at the owner’s 
risk, yet shellac sold for forward delivery must be delivered in good 
marketable condition. D.C. (David Campbell) is the best brand. 

Button Lac is only another form of shellac, made by allowing the 
melted shellac to drop into rounded pieces, about 1 inch in diameter. 
It is only different from shellac in form. Instead of being made 
into thin sheets the melted shellac is poured on to plates in such a 
manner that it sets in the form of a large round flat piece, which, 
owing to its thickness, appears of a dark brown colour, but is of a 
dark ruby colour on being looked through. Button lac occurs, as 
does “ tongue lac,” in roundish or elongated cakes, and varies from 
pure to a mixture of upwards of 50 per cent of rosin. Dealings in 
this are usually by sample. In button lacs, the finer qualities often 
have the manufacturer’s mark stamped on each individual button, 
the pure grades especially, and here again we have a great variety 
of these marks. It is usually sold in various standards, each of 
which is allowed to contain a specified amount of rosin. Button 
lac, therefore, is differentiated from others more by the slight differ- 
ences in manipulation which are necessary when the button form 
has to be made and by the form in which it comes to market. In 
its preparation the molten material is not stretched at all but is 
simply allowed to drop on to a smooth substance such as a green 
leaf taken from the banana stem, and here it may be as well to re- 
peat that garnet and button lacs contain, as a rule, no arsenic, though 
they may possess a high percentage of rosin. 

Garnet LaCt in thick more or less flat pieces, is always understood 
to bq a mixture of 90 per cent lac and 10 per cent rosin, and if it 
does not come up to this standard in London allowances have to be 
made. It is very similar to button lac, but is made into thick flat 
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pieces which in colour resemble those of button lac. Usually the 
quality of lac made into button or garnet lac is not so good as that 
from which orange shellac is made. 

In the production of garnet lac the sheets are taken at the hot 
tube stage, no further stretching being- necessary. Garnet lac is, 
however, very largely the product of the steam power factories. As 
its name implies it is of a deep, rich red colour, and is in demand 
for industries where colour is not a disadvantage (Watt). For the 
manufacture of certain garnet lacs solution in spirit, filtration, and 
recovery of the solvent are said to be practised. Of garnet lacs few 
brands are known, the reason being that as it is mainly a steam- 
power factory product it seems to be made by only a limited number 
of makers. The best quality is AC (Angelo, Calcutta) ; then GAL, 
probably a Hindustani word ; LALL (red), and KALA (black), 
both Hindustani words. Garnet and button lacs contain as a rule 
no arsenic, though they may possess a high percentage of rosin. 

It was, for a long time, a great desideratum among artists to be 
able to decolorize shellac, as if its dark brown hue were eliminated, 
it would then possess all the properties essential to a good spirit 
varnish in a higher degree than any other known resin. A premium 
of a gold medal, or thirty guineas, for ‘‘a varnish made from shell 
or seed lac, equally hard and as fit for use in the arts as that pre- 
pared from other substances,” was offered for some years by the 
Society of Arts. The editor of the “Franklin Journal of Phila- 
delphia ” observed, in reference to the foregoing, that “these ends 
are perfectly attained by the process given by Dr. Hare, which 
leaves nothing to desire, excepting on the score of economy”, 
“ Dissolve (says Dr. Hare) in an iron kettle 1 part of pearl-ash in 
about 8 parts of water, add 1 part of seed or shellac, and 
heat the whole to ebullition. When the lac is dissolved cool the 
solution and impregnate it with chlorine until the lac is all precipi- 
tated. The precipitate is white, but its colour is deepened by wash- 
ing and consolidation ; dissolved in alcohol, lac, bleached by the pro- 
cess above mentioned, yields a varnish which is as free from colour 
as any copal varnish.” About the same period of time as the pub- 
lication of the foregoing, the before-mentioned premium of the 
Society of Arts was claimed by two persons, Mr. George Field and 
Mr. Henry Luning. The Society, upon due examination of the 
processes and products, found them both to answer the intended 
purpose, and awarded the sum of twenty guineas to each of the 
candidates. The following is Mr, Field’s process : Six oz. of shellac, 
coarsely powdered, are to be dissolved by gentle heat in a pint of 
spirits of wine ; to this is to be added a bleaching liquor, made by 
dissolving pure carbonate of potash and then impregnating it with 
chlorine gas till the silica precipitates and the solution becomes 
slightly coloured. Of this bleaching liquor add 1 or 2 oz. to the 
spirituous solution of shellac and stir the whole well together. 
Effervescence takes place, and when this ceases add more of the 
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bleaching liquor, and thus proceed till the colour of the mixture has 
become pale. A second bleaching liquor is now to be added, made 
by diluting muriatic acid with thrice its bulk of water, and dropping 
into it pulverized red-lead till the last portions do not become white. 
Of this acid bleaching liquor small quantities at a time are to be 
added to the half-bleached shellac solution, allowing the effer- 
vescence, which takes place on each addition, to cease before a 
fresh portion is poured in. This is to be continued until the lac, 
now white, separates from the liquor. The supernatant fluid is 
now to be poured away, and the lac is to be well washed in repeated 
waters, and finally wrung as dry as possible in a cloth. The lac 
obtained in the foregoing process is to be dissolved in a pint of 
alcohol, more or less according to the required strength of the 
varnish, and after standing for some time in a gentle heat, the clear 
liquor, which is the varnish, is to be poured off fiom the sediment. 
Mr. Luning’s process is as follows : Dissolve o oz. of shellac in a 
quart of rectified spirits of wine ; boil for a few minutes with 10 oz. 
of well-burned and recently heated animal charcoal, when a small 
quantity of the solution should be drawn off and filtered ; if not 
colourless a little more charcoal must be added. When all colour is 
removed press the liquor through silk, as linen absorbs more varnish, 
and afterwards filter it through fine blotting-paper. In cases where 
the wax found combined with the lac is objectionable, lilter cold ; if 
the wax he not injurious, filter hot. This kind of varnish should 
be used in a temperature of not less than 60' F. ; it dries in a few 
minutes and is not liable to chill or bloom ; it is therefore par- 
ticularly applicable to drawings and prints which have been sized, 
and may be advantageously used upon oil paintings which have 
been painted a sufficient time, as it hears out colour with the purest 
effect. This quality prevents it from obscuring gilding, and renders 
it a valuable leather varnish to the bookbinder, to whose use it has 
been already applied with happy effect, and does not yield to the 
warmth of the hand, and resists damps, which subjects bindings to 
mildew. Its useful applications are very numerous, indeed to all 
the purposes of the best hard spirit varnishes, it is to he used 
under the same conditions and with the same management. 

The essential requirements of a perfectly bleached shellac consist 
in the colour being transformed to the maximum degree of whiteness, 
while hardness and solubility must also be developed to the greatest 
possible extent. In Kuropean countries the process is carried out 
in a manner which would ap|}ear to leave no loom for improvement, 
the desirable attributes being present in the finished product to a 
pronounced extent. The details of a critical examination by an 
American expert of several samples of bleached shellac imported 
from France, England, and Germany by a leading industrial chemist, 
herewith given, will doubtless prove interesting, alike to the practical 
varnish-maker and varnisher. 

A comparative test, partaking of the nature of a chemical 
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analysis, was made of each sample, with the result that the French 
material outclassed the other varieties in the superiority of its white- 
ness, its property of successfully resisting atmospheric influences, 
and finally with regard to one of the most important features, its 
surpassing dissolving power. In this sample were comprised the 
three indispensable requirements of a faultless bleached shellac — 
whiteness, hardness, and solubility — the combination being admir- 
ably associated with each other in a manner which at once guar- 
anteed permanence and the requisite working properties. The 
sample under investigation (French) was capable of withstanding a 
temperature of 90° F. without softening or presenting the objection- 
able “ tacky ” tendency characteristic of inferior products. 

With regard to the question of hardness, the English variety 
exceeds the French, but the development of this especial feature 
involves certain operations in the treatment of the material which 
deleteriously affect other properties, the maximum development of 
which constitutes an important factor in a perfectly bleached shellac. 
Reference is here made especially to the property of solubility. It 
was found that the French product was much more susceptible of 
solution in alcohol and special menstrums than the English variety. 
Furthermore, a drawback coincident with the method of bleaching, 
as practised in case of the English sample, consists in the residue 
which forms as a result of solution. 

This is the direct result of precipitating the shellac from a 
solution of hypochlorites of soda or potash by sulphuric acid, an 
insoluble residue of sulphate of lime settling at bottom. 

The only practicable method yet discovered, by means of which 
the latter objection may be obviated, is by precipitating the bleached 
shellac from its alkaline solution by the use of an acid, which 
adequately neutralizes the solution without producing the residue. 
Diluted muriatic acid is the fluid which, in preference to sulphuric 
acid, has been found to produce the desired result referred to with 
regard to perfect solubility. In this respect the German sample 
proved satisfactory, and it is largely on the system which is carried 
on in Germany that the methods which are pursued in America 
are modelled. ^ 

In the highest standard of quality, considerable experience is 
necessary to master the complex system in its varying phases. 
To produce uniformity in the finished product, the operations, of 
which there are twelve, each distinctive and of equal importance, 
should be carried out with great precision, slowly and carefully. 

The primary object in bleaching is to eliminate the insect 
colouring matter from the crude material, or button lac, by means , 
of chemical treatment. A gum resin is thus produced, which, 
together with a suitable solvent, forms the colourless shella<^ 
varnish of commerce. * ' ; 

There are, however, further important functions devolving 
certain of the operations other than that already specified. FroDlie 
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the crude material certain animal substances, exclusive of the 
colouring matter, must also be effectively eradicated, otherwise 
the desired end would be impracticable of accomplishment. 

Much of the success of the operation depends upon the 
mechanical as well as upon the chemical treatment accorded the 
crude material and bleaching generally. By comparing American 
samples of bleached shellacs with the French materials the superi- 
ority of the latter becomes apparent. While the American product 
compares favourably with regard to colour for a brief period after 
having been treated, exposure to the air causes it to assume a 
yellowish aspect later on. 

There is another defect which American bleached shellac at 
times presents, which is rarely if ever found in the foreign goods, 
and which consists in the propensity it displays to adhere to the 
barrel in which it is packed. This is owing to the increased 
temperature characteristic of summer weather, the action of which 
softens the material. 

In shellac bleaching the operations, which are of a mechanical 
nature, exert a very important influence on the nature or general 
aspect and inherent properties of the flnished product. That these 
operations should be carefully carried out is of peculiar significance 
to the varnish-maker who uses bleached shellac as an ingredient in 
the manufacture of spirit varnishes. 

The twelve operations which are essential in shellac bleaching 
may be designated as follows : — 

1. Crushing the raw material or button lac to a powder, so 
that it will become more easily soluble in the alkaline solution. 

2. Separation of the colouring principle from the shellac. 

3. Preparation of the bleaching agent, or hy^KJchlorite of potash, 
or soda. 

4. Treatment of the liquefied button lac by the bleaching agent. 

5. Diluting the bleach^ shellac alkaline solution in water. 

6. Preparing the sulphuric acid for neutralizing the alkaline 
solution of shellac. 

7. Neutralizing the shellac alkaline solution by the use of 
diluted sulphuric acid, which coincidentally precipitates the bleached 
shellac. 

8. Filtering the precipitate, or pulp, of white bleached shellac. 

9. Malaxing the neutral pulp of bleached shellac to determine 
whiteness and elasticity. 

10. Hardening and whitening process of the sulphuric acid bath, 
which prevents to a very great extent the white shellac from turning 
yellow when exposed to light. 

11. Drying the bleach^ shellac. 

12. Crushing the bleached shellac. 

Chlorine acts very energetically, and* often so modifies the resin- 
* ous matter that it becomes altogether altered and unfit for use owing 
to its becoming very difficultly soluble in alcohol. Moreover, great 
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trouble is experienced in removing all the chlorine from the bleached 
shellac, even after repeated washing with water. The former after- 
wards acts injuriously when the resin is extended into a varnish, 
especially upon metals, and to such an extent as to exclude it from 
employment thereon. 

Willstein's Process. — Five hundred parts of chloride of lime are 
mixed with 2000 parts of water, and a solution of 500 parts of 
carbonate of potash in 1500 parts of water is run in so long as a 
precipitate is formed. Into the filtered liquid there is run, a little at 
a time, a solution of 500 parts of orange shellac in 2000 parts of 
alcohol of 90 per cent strength. After the whole has been well stirred, 
it is allowed to stand, preferably in the sunlight. After half an 
hour to an hour the liquid containing the resin is run in a thin 
stream into dilute hydrochloric acid, 1 part of acid in parts of water. 
As soon as the resin is completely precipitated it is washed with 
water until free from acid. It is then churned with hot water until 
the latter is no longer coloured ; finally, the hot resin is run into 
sticks, which are generally piled together. If the action of the 
chlorine has been too energetic, and if the shellac has been so 
altered as to become insoluble in alcohol, this may be remedied by 
breaking the shellac into small pieces and immersing these for twenty- 
four hours in ether, where it swells and is afterwards easily dissolved 
in alcohol. 

Eisner* 8 Method. — He uses animal charcoal to bleach shellac with- 
out altering it. He agitates an alcoholic solution of shellac with 
coarse-grained animal charcoal which has been previously washed 
with acid then with water and dried. The charcoal is made into paste 
with the alcohol solution, and the whole, when completely bleached in 
the sun, filtered and evaporated. But this method is very costly, and 
shellac evaporated from alcohol is quite altered in its properties. 

Benedict’s Process. — Forty lb. shellac are heated with a solution 
of 10 lb. of carbonate of soda in 15 gallons water until dissolved. 
The liquid, clarified by standing, is decanted into a filtered solution 
of 40 lb. of chloride of lime in water, leaving the whole to stand 
from twenty-four to forty-eight hours, and then precipitating the 
resin by hydrochloric acid as in the preceding method. 

Alkaline Method without Chlorine. — Add shellac in small quan- 
tities to dilute boiling soda lye, taking care not to make a fresh 
addition until the previous lot has been dissolved, stopping short 
when there is a slight excess of free soda. When all is dissolved, 
boil for a few moments with constant stirring and then cool. The 
wax which solidifies on the surface is removed, and the liquid filtered 
if need be, to obtain a clear solution, which is treated with hydro- 
chloric acid as before. But the product still contains an appreciable 
amount of colouring matter. Too long boiling with alkaline lye, 
even if very dilute, must be avoided, as the substance would be 
converted into a balsam of the same centesimal oompo8itio&> 
(Benedict’s liquid lac). The HOI can be replaced by H^SOs- 
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Composition of Shellac . — Unverdorben found in shellac:- 
1. A resin soluble in alcohol and ether. 

A resin soluble in alcohol but not in ether. 

3. A resin slightly soluble in cold alcohol. 

4. A crystalline resin. 

5. A wax. 

6. Oleic and stearic acids. 

7. A brown substance, which was termed laccine. 

8. A red colouring matter. 

TABLE LXXXIL— JOHN’S ANALYSIS OF SHELLAC, 


Per cent. 

Begin, five resinoid bodies 66*55 

Peculiar yellow substance, Laokstoff .... 16*70 

Colouring matter 3*75 

Eictractive 3*92 

Peculiar acid, laccic acid ...... 0*62 

Chi tine 2*08 

Waxy matter 1*67 

Salts 1*04 

Sand and earth 0*62 


TABLE LXXXIIL-H.ATCHETT’S ANALYSIS OF SHELLAC. 


1 

stick Iju>. 1 Seed Lac. | Shellac. 

Resin 

68*0 ! H8*5 : 90*9 

Colouring matter j 

10*0 2*5 1 0*5 

Wax 1 

6*0 1 4*5 * 4*0 

Gluten j 

«•« 1 20 2-8 

Foreign bodies ; 

6-5 1 • - - 

Loss 1 


i 

t 

100 0 i 100 0 I00« 

1 I 


TABLE LXXXTV.-HOOPER’S ANALYSIS OF SHELLAC FROM VARIOUS 
SOURCES. 


r 

Lac. 

Tree. 

Water. 

Raalne. 

Ooloiiriuf. 

Reaidne. 

Ash. 

Kmom .... 

Sohleiohera 

trijnga 

1*8 

85*6 

2*6 

9*1 

1-0 

Fioof .... 

Fiona 

1*8 

88*9 

2*6 

10-2 

1*6 

Ber . . . . ! 

Zizypbns 

Jojoba 

Bates 

Frondosa 

2*0 

82*7 

2-4 

11*5 

1*8 

Palas .... 

2-4 

77*4 

4-8 

14*1 

1*8 


Kusum lac is evidently the purest. The iodine number of the 
erode lacs averaged ir4 per cent. The residue, left after extraction 
of shellac from the crude lac, known as keri, still contains a large 
proportion of lae, amounting to 55 to 72 per cent, but this is reduoM 
by a new method of extraction to 15*5 per cent. Probably the new 
method mentioned is that previously recommended by Hoopert U. 
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extraction of the lac by means of methylated spirit (see p. 299). 
According to Farner, stick lac contains 74*5 per cent of resinous 
matter, 6*0 per cent of wax, 6*5 per cent of colouring matter, 
9*5 per cent of impurities, and 3*5 per cent of moisture, which is in 
substantial agreement with the figures above quoted. 

Shellac wax w’as found by Benedict and Ulzer to contain both 
oeryl and myricyl alcohols in combination with both fatty and resin- 
ous acids. The saponification value of shellac wax was 57*6, and 
the acetyl derivative had a saponification value of 115. The wax 
thus contains about 50 per cent of these alcohols in the free state. 

Benedict and Ulzer, by treating shellac with alcohol and 
ignited magnesia, prepared magnesium salts of the acids, which 
decomposed with dilute sulphuric acid and yielded a viscous mass. 
This, when dried, gave off water and formed a hard mass like the 
original shellac. This substance had the same elementary composi- 
tion as shellac, but the acidity was much higher, e.g. 204*66. Its 
formula w’as 

By oxidation of shellac by alkaline permanganate, they obtained 
azelaic acid (C;Hj/COOH)»), a dibasic acid, which is also a product 
of the unsaturated acids from drying oils when similarly treated. 

TABLE LXXXV.— CONSTANTS OF SHELLAC. 


Medium (Schmidt and Erban) 
„ (Williams) . 

Garnet „ 

Orange (Schmidt and Erbau) 
Good (Williams) 

Light „ 

D.C. (Langmuir) 

Good Ralli (Langmuir) . 


„ tn 

„ Button , 

Not specitied (Ulzer and Defiles) 
Stick lac (Ruder) 


Seed, lac 

If 


Button lac 


If 

Average' 


Acid 

Value. 

Siiponification 

Value. 

Ktber 

Value. 

Iodine 

Value. 

Sol 

213*3 

148-2 

8-80 

63 0 

203-3 

140-3 24-62 

o ( r0 

212-6 

156-6 

28-70 

600 

211-6 

151-6 


47G 

210-7 

163-1 

20-40 

560 

211-4 

155-4 

19-81 





— 

15-90 







16-00 







17-70 





— 

15-86 

65*4 

204-8 

139-4 

— 

30-2 

212-8 

173-6 

1600 

1 40-7 

221-2 

180-5 

16-60 

1 47*9 

260-1 

112-2 

19*50 

66-0 

226-8 

170-8 

8-00 

53-0 

218-4 

165-4 

7*60 

54-5 

224-2 

169-7 

8-70 

611 

251-9 

190-8 

8-60 

560 

224-0 

168-0 

8-60 

58-8 

204-4 

145-6 

22-20 

! 60-0 

208-5 

148-5 

22-60 

61*9 

215-2 

153-3 

28-SO 

640 

212-8 

148-8 

19-00 

66-1 

1 

218-3 

153-2 

16*10 


Storeh-Morawski Beaction— This well-known test for rosin in 
shellac depends on the red-violet colour produced on adding a drop 
of strong sulphuric acid to the solution of the shellac in acotjo 
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anhydride. A little shellac is dissolved by gently warming with 
acetic anhydride, and a drop of sulphuric acid added to the cooled 
solution. A decided response is got with 10 per cent rosin, a doubt- 
ful one with 5 per cent. The following is one of the numerous 
modifications which it is claimed renders the test more sensitive : 
One gramme of the sample is treated with 15 c.c. of acetic anhydride. 
The mixture is gently warmed on the water-hath until solution is 
complete, and cooled by standing in cold water. Rosin remains in 
solution. The greater part of the shellac separates as a gelatinous 
mass, which is filtered off. In this way the rosin is concentrated 
in the filtrate. The test-tube is inclined, and a couple of drops of 
strong sulphuric acid allowed to flow down the side, agitating the 
liquid a little as the acid meets it. A coloration, which soon dis- 
appears, is obtained with as little as 2 or 3 per cent of rosin. A pure 
shellac gives no coloration if care has been taken to avoid charring. 

In a paper on the “ (commercial Grades of Icac and their Valua- 
tion,” read before the Pharmaceutical Society of Great Britain, Mr. 
John C. Umney states that this test will reveal rosin adulteration 
in lac only above 7 per cent. Mr. A. Suter criticizes this state- 
ment. He disagrees, he says, “ because, if the test is carefully and 
uniformly performed, it is certainly capable of producing positive 
results with as little as 2^ per cent of rosin present ; check-analyses 
by theiodine absorption have convinced me of that. Indeed, I go 
further and state that with a large amount of practice the observer 
will be able to distinguish an absolutely rosin-free lac from one 
with an adulteration of less than 2| per cent although no coloration 
is produced. For this purpose’ it is, however, necessary to use 
sulphuric acid of 1*53 specific gravity, which can be prepared by 
mixing 34*7 c.c. of cone, sulphuric acid with 37*5 c.c. of distilled 
water. By means of this test a rough grading of shellac into the 
following three groups could, with some experience, be effected : — 

“ (a) Lacs, producing no coloration. Inference — under 2^ per 
cent of resin. Good lacs. 

“ (5) Lacs, producing a fair amount of coloration. Inference — 
2-J to 5 per cent of rosin present. Fair lacs. 

“ (c) Lacs, producing an intense coloration. Inference — 5 to 
10 per cent of rosin present. Bad lacs.” 

It is unnecessary to quote further rpodifications. The writer 
has queried the use of anhydride instead of glacial acetic acid as 
originally used by Liebermann, and is told by Mr. C. Harrison 
of the Borough Polytechnic that the reaction succeeds better with 
glacial acetic in so far as it is not so transient. 

The analysis of shellac resolves itself into a determination of the 
percentage of rosin present, if any. Hirschsohn’s process consists in 
treating the shellac with petroleum ether, in which common rosin 
freely dissolves, whilst shellac is only very partially dissolved. Of 
eleven samples Hirschsohn found the solubility in petroleum ether 
to vary from 1*20 to 14*25 per cent. 
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The Petroleum Ether — Method of Estimatiug Rosin in Shellac . — 
This test is based on the following facts : Eosin is soluble in petro- 
leum ether, so also is shellac wax, but shellac proper is insoluble. 
The different and contradictory results obtained by extracting 
shellac with petroleum ether by different observers, and by the same 
observer, are readily understood. Petroleum ether is not a definite 
chemical compound, and those who work with it omit the two im- 
portant points, the only ones in fact that will give some clue to its 
nature, viz. its specific gravity and its boiling-point. Again, if 
rosin of itself be soluble in the so-called petroleum ether, it does 
not follow that no chemical action ensues when rosin is fused with 
shellac so as to render it more or less insoluble. Langmuir simply 
begs the question when he says : “A separation of a fused mixture 
of the two is practically impossible, however, as the insoluble 
shellac protects the rosin from solution ”. There is no data what- 
ever to support his conclusion that when rosin and shellac are fused 
together they form nothing but a mere mechanical mixture or solu- 
tion of the one in the other. No doubt the wax present in shellac 
is a disturbing, element. Langmuir recommends the wax to be 
removed by dissolving the shellac in warm dilute carbonate of soda 
solution, cooling and filtering off the wax. Now there is nothing 
to show that in this style of working some of the rosin is not en- 
trained by the wax. Again, Langmuir begs the question that rosin 
which has been treated with carbonate of soda and precipitated by 
acid retains its original solubility in petroleum spirit. But from the 
author’s experience in dealing with petroleum spirit as a solvent for 
rosin and rosinates, he believes that rosin treated with carbonate of 
soda so as to dissolve it in water, and then precipitated therefrom, 
is far less soluble in petroleum spirit than the original rosin, and 
does not dissolve freely therein until the combined water precipitated 
with it has been expelled by heat. Langmuir goes on to say : 
“ The shellac is thrown out of the filtrate (from the wax) by acid 
filtered on a Buchner filter, washed and dried. In this condition it 
is wax-free and in a very finely divided state, offering the most 
favourable chances for a successful extraction of rosin.” But how- 
ever fine the rosin is hydrated and thus less soluble in petrol, and 
in, saponifying the rosin in shellac the operator is groping in the dark, 
the unsaponifiable wax masks any unsaponified rosin, and to apply 
Langmuir’s own arguments, the insoluble wax protects the entrained 
rosin from solution, and moreover, but not only so, it hides it from 
the eye of the operator at the same time. Langmuir extracted 5 
grammes of finely ground button lac in a Soxhlet for five hours, 
extract 5'07 per cent, largely wax. Five hours extra gave 0*48 per 
cent. The same button, purified as above, gave 1'5C) per cent to the 
ether. This bears out the above criticisms ; solution and precipita- 
tion had rendered the rosin insoluble in the petroleum ether. A 
pure button, freed from wax by Langmuir as above, gave 0*38 per 
cent soluble matter. Similarly, seven bleached shellacs of American 
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make were finely pulverized and passed through an SO-mesh sieve 
and 10 grammes extracted for five hours, giving 1*05, 1*08, 1*84, 
1*75, 2*43, 4*23, and 4*30 per cent respectively. Here we again 
meet with the tacit assumption that the rosin in a chlorinated, or 
sulphited alkaline solution of shellac, is inert to the bleaching agent, 
and that the solubility of the rosin in petroleum is the same as in 
the case of rosin by itself. A pure bleached Ralli gave 3*35 per cent 
soluble. The residues from the evaporation of the ether were of a 
waxy character and showed no indications of rosin. Langmuir also 
examined a poor quality of TN, w'hich he finely ground and ex- 
tracted for five hours, but it only gave an extract of 1*6 per cent. 
A good TN gave 0*6 per cent. Langmuir got better results with 
freshly prepared artificial mixtures of rosin and shellac, but they 
were far from the truth. If the writer quite agrees with Langmuir 
that no safe inferences can be drawn from the results of a petroleum 
ether extraction, yet Langmuir, as will be seen, did not perhaps 
apply the test in the most rational manner ; and his deductions seem 
to show that he fails to grasp all the issues involved and the pos- 
sible reactions that might come into play. Langmuir criticizes the 
copper acetate test for rosin in shellac in these terms : “A published 
test for rosin is to shake the petroleum ether extract with a little 
water containing some copper acetate ; the ether layer will be 
coloured emerald green if rosin is present. In our hands artificial 
mixtures of shellac and rosin failed to show the latter if less than 
15 per cent were present.” That is no doubt true ; neither acetate 
nor rosinate of copper dissolves in petroleum spirit until the 
petroleum spirit has taken up a certain amount of free rosin. See 
Vol. II. of this treatise (p. 164), where a saturated solution of rosin 
in naphtha is used to dissolve copper rosinate. 

If Langmuir did not succeed with petroleum ether, Mcllheny by 
applying this test in a more rational and in a quantitative separa- 
tion manner seems to have met with well-deserved success. The 
question is so important that his method is given here at some 
length. Mcllheny shows at the very outset that he has grasped 
the points at issue by his prefatory remarks : — 

“ Several experimenters have attempted to separate rosin froija 
shellac by taking advantage of the solubility of rosin in petroleum 
ether, a solvent in which shellac is insoluble. No method of ex- 
tracting from even a finely pulverized sample of shellac the portion 
soluble in petroleum ether seems to be capable of removing more 
than a small part of the rosin contained in the sample. 

“ Shellac dissolves in alcohol, except for the wax contained in it ; 
petroleum ether dissolves to some extent in alcohol, and it was 
thought that by first dissolving the shellac to be analysed in alcohol, 
then adding to the solution all the petroleum ether which it w'Oiild 
dissolve and then adding water, so as to so dilute the alcohol that 
it would no longer have any material solvent power upon either 
rosin or shellac, there should result a separation of the dissolved 
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petroleum ether containing in, solution the rosin and the wax, but free 
from the resinous constituents of the shellac. Upon trying that 
process, it appeared that it was correct in principle, but on ac- 
count of the limited solubility of petroleum ether in alcohol the 
separation was not quite complete. Upon substituting for ordinary 
alcohol, glacial acetic acid, or absolute alcohol, in which the sample 
of shellac to be examined is dissolved, and then adding to it petro- 
leum ether, which is miscible in all proportions with acetic acid, or 
absolute alcohol, it was found practicable to combine with the rosin 
and the wax so large an amount of petroleum ether that, upon add- 
ing water, an almost complete separation of the rosin and wax from 
the resinous part of the shellac could be effected.” 

Based upon these facts, the following process was devised : 
Dissolve in 20 c.c. of glacial acetic acid (about 99 per cent) or the 
same volume of absolute alcohol, 2 grammes of the sample to be 
analysed. This requires a gentle heat. Add to the solution, after 
cooling, 100 to 300 c.c. of petroleum ether, boiling under 80'’ C. This 
addition of petroleum ether should be made slowly, because so large 
an amount precipitates from its solution a part of the shellac, com- 
bined, apparently, in case acetic acid was the original solvent, with 
acetic acid to form a liquid precipitate. It'is manifestly desirable that 
this precipitation of part of the shellac should not be effected by too 
sudden an addition of petroleum ether, as it might then contain 
some rosin carried down mechanically with it. 

We now have a solution containing both petroleum ether and 
glacial acetic acid, or absolute alcohol, and containing in it, in solu- 
tion, all the rosin, all the wax, and most of the resinous part of the 
shellac. Add now to this solution, drop by drop, 100 c.c. of water, 
agitating the liquid during the addition. The water “unites with 
the alcohol or acetic acid, and separates from the liquid the petro- 
leum ether with whatever is soluble in petroleum ether. This in- 
cludes the rosin and the wax. The shellac is also precipitated, but 
as it is insoluble in petroleum ether it remains as a precipitate sus- 
pended in the diluted alcohol or acetic acid. The separation of the two 
liquids takes place very rapidly, and it is an easy matter to effect a 
complete separation of the two layers in a separating funnel. The 
petroleum ether layer is washed once or twice with water, and then 
filtered through a dry paper into a weighed flask, from which the 
petroleum ether is then distilled off, leaving the residue of rosin 
mixed with wax, which is weighed. To the weighed residue neutral 
alcohol is added, and the flask heated to dissolve the rosin in the 
alcohol. The liquid is then titrated with N/5 or N/10 caustic potash. 
This gives a measure of the amount of rosin present, as the average 
combining equivalent of rosin does not vary greatly from 346. This 
is the figure used for this titration in the Twitchell process. It is 
much better, however, not to depend upon his determination of the 
rosin, but to proceed to an actual separation by adding to the neutral- 
ized alcoholic solution a distinct excess of alkali and a sufficient 
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quantity of petroleum ether ; the mixture is then transferred to a 
separating funnel, thoroughly agitated, and some water added. The 
liquids are then separated, the petroleum ether layer being washed 
with water, and the alcoholic solution of the rosin extracted once 
more with petroleum ether. The petroleum ether solutions are then 
united, the petroleum ether distilled off, and the residue of wax 
weighed. The alcoholic solution containing the rosin is then boiled 
until the alcohol has been expelled, and, if necessary, a further 
addition of water made ; then dilute hydrochloric acid is added, so 
as to precipitate the rosin. This should be done in a weighed flask ; 
the acidified liquid can now be decanted off through a wet filter- 
paper, so as to leave behind in the flask the major part of the rosin, 
which is washed with water. The remainder of the rosin upon the 
filter paper, after sufficient washing, is extracted with petroleum 
ether back into the weighed flask from which the water has been 
decanted as perfectly as possible. Upon distilling off the petroleum 
ether, the rosin is left behind in a condition to weigh. If the whole 
of the last traces of water have not been removed by the distillation 
with petroleum ether, it is well to add a further quantity of dry 
petroleum ether and distil again. Attempts were made to use other 
solvents, j)articularly coal-tar benzene instead of petroleum ether. 
It was found, however, that benzene dissolved considerably more 
out of the shellac than the wax. 

If it is desired to determine only the rosin in the shellac, it is 
unnecessary to distil off all the petroleum ether from the solution 
containing the wax and the rosin. This solution may, instead, be 
treated directly with an alkali capable of combining with the rosin, 
while leaving the wax unattacked. The most convenient method 
Mcllheny found for accomplishing this is to add to the petroleum 
ether solution, after filtering it to remove from it anything which it 
may contain in suspension, a solution of sodium hydroxide in absolute 
alcohol. Such a solution is made by dissolving in ordinary 9/) per 
cent alcohol the appropriate amount of metallic sodium.* When 
added to the petroleum ether solution, it mixes perfectly and the 
alkali combines with the rosin, and the mixed solution allows the 
saponified rosin to be extracted from it by agitation with water, or, 
better, with slightly diluted alcohol. Instead of using a solution of 
sodium hydroxide in absolute alcohol, it should be possible to use 
the method of separating rosin from neutral substances in petroleum 
ether solution that is used in the Twitchell process of determining 
rosin in admixture with fatty acid. This consists in agitating the 
petroleum ether solution with an alkaline aqueous solution contain- 
ing some alcohol, made by dissolving 1 gramme of potassium hyd- 
roxide with 10 c.c. of alcohol in water, and diluting to 100 c.c. The 
other method of procedure is advantageous, however, and gives a 
more exact separation. The solution drawn off from the petroleum 

1 The result of the action of sodium on alcohol is generally regarded as sodium 
ithylate (sodium ethoxide). 
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ether, after extraction by alkali, and containing in solution the rosin 
‘ combined with potassium or sodium, together with whatever alcohol 
has been used to promote the combination and to facilitate the 
mechanical separation of the two liquids, is heated for some time to 
remove the alcohol, and is then acidified with hydrochloric or with 
sulphuric acid to precipitate the rosin. The precipitated rosin is then 
weighed as before. 

Without entering into a discussion of the exact chemical compo- 
sition of shellac wax, it may be proper to state that the wax may be 
separated commercially from shellac by two essentially different 
methods, which will probably give waxes having somewhat different 
compositions. If the shellac is dissolved in an alkaline solution and 
the wax which remains in suspension is filtered out, it is probable 
that diffei’ent results will be obtained from what would be obtained 
by the other process, consisting of a solution of the shellac in alcohol, 
and filtration of the solution to remove the wax which will remain 
in suspension. It is to be ex])ected that these two processes of, 
solution would leave, in the undissolved wax, small amounts of in- 
gredients of different characters, and, furthermore, the alcohol used 
in the second process would dissolve small amounts of the wax 
which would probably be quite insoluble in an alkaline aqueous 
solution. Again, it is quite probable that a caustic solution would 
behave towards shellac wax somewhat differently from a dilute 
carbonate solution. For the sake of uniformity and simplicity, 
Mcllheny assumes that shellac wax is quite free, when pure, from 
all acid substances capable of uniting with free alkali. It is never-* 
theless true that the user of shellac who wishes to have a determina-* 
tion made of the amount of wax which it contains usually desires 
this information in order that he may know how much of the shellac 
will remain undissolved in alcohol. This amount of insolubhi wax 
varies with the strength of the varnish that he prepares with it ; 
that is to say, the number of pounds of shellac which he uses to a 
gallon of alcohol. As the analyst can hardly be expected to take 
account of this in making his test, it appears more rational to regard 
as wax the whole of those matters contained in the shellac that 
remain insoluble in an alkaline solution. 

In determining the wax, it is to be observed that some constituent 
of shellac wax is only difficultly soluble in petroleum ether. On 
analysing several portions of the same lot of shellac, the only differ- 
ence made being that varying amounts of petroleum ether were used, 
increasing amounts of petroleum ether gave increasing percentages 
of wax, until the proportion ofsabout l25 to 150 c.c. of the solvent 
to 1 gramme of a shellac containing about 5 per cent of wax was 
reached. By using some other solvent such as benzine,' a smaller 
amount may suffice, but as it seldom happens that only wax without 
rosin is to be determined, petroleum ether is the most generally 
applicable solvent. The solubility of rosin in petroleum ether is 
80 easy and complete that no difficulty is experienced in extracting 
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from 2 grammes of shellac 50 per cent of rosin, using 100 c.c. of 
petroleum ether. * 

On acidifying the aqueous solution which should contain the 
rosin, the identity of the separated matter may be established by 
determining its iodine figure by the Langmuir method, and its acid- 
ity by titrating with alkali in alcoholic solution. 

The petroleum ether referred to here is a solvent made by re-distil- 
ling 0*702 benzine, separating for use that part which distils below 
SO"' C. This fraction constitutes a large proportion of 0*702 benzine, 
and such a re-distillation gives, at a comparatively small cost, a satis- 
factory solvent for the purpose. If a determination of only the 
rosin is desired, it is, of course, unnecessaiy to be very particular as 
to the volatility of the solvent used, as it is unnecessary in such case 
to distil it off before extracting the rosin by alkali. 

By treating pure shellac it is possible to separate from it a small 
amount, sometimes as much as 1 per cent, of materials soluble in 
petroleum ether. This small amount of resinous matter, when ex- 
amined, proves to be something essentially different from common 
rosin. Its odour and its low iodine figure indicate that it is some 
resinous constituent of shellac, perhaps a small amount of the major 
constituent, which is slightly soluble in .petroleum ether. As it is 
difficult to imagine that by this process rosin if a normal constituent 
of pure shellac would escape detection, and as the small amount of 
resinous matter here obtained is essentially different from rosin, it is 
reasonable to conclude that, contrary to the idea held by many, 
common rosin, or a material similar to it, is not a natural constituent 
of pure shellac, but that any rosin or colophony which can be separ- 
ated in a state of reasonable purity from the sample of shellac was 
originally added to the shellac as an adulterant. 

The process here described allows the analyst to separate in a 
form convenient for exhibition either as evidence in court or as an 
ocular demonstration for his client any rosin which may have been 
added as an adulterant to shellac. 

Shellac varnishes may contain besides true shellac not only rosin, 
but other gums and resins soluble in alcohol. It becomes there- 
fore a matter of interest to ascertain how some of these other resins 
behave when treated by this process. Two samples of Manila, 
when treated, using absolute alcohol as the first solvent, gave, re- 
spectively, 41*2 and 43*3 per cent of matter soluble in petroleum 
ether. The acidity of these two lots of matter soluble in petroleum 
ether was in the case of the first sample such that 1 c.c. of normal 
alkali neutralized 411*7 milligrammes, and in the case of the second 
470*7 milligrammes. Two samples of kauri gave, respectively, 37*9 
and 27*0 per cent. Upon titrating with standard alkali these por- 
tions soluble in petroleum ether, it appeared that 1 c.c. of normal 
alkali was capable of neutralizing 903*6 milligrammes and 724*5 
inilligrammes respectively. Of sandarach, two samples, when 
similarly analysed, gave 34*96 and 36*19 per cent, having such an 
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acidity that of the first 541*2 milligrammes would neutralize 1 c.c. 
normal alkali, and of the second 552*5 milligrammes would neutral- 
ize 1 c.c. Of dammar, 89*9 per cent proved to be soluble, while 
the resin of Shorea rohusta^ a sample of which was kindly sent by 
Mr. W. Risdon Griper, of Calcutta, gave 69*5 per cent of soluble 
matter. [Yet Shorea robusta is a host of the shellac insect !] 

A number of attempts were made to effect a satisfactory separa- 
tion of the wax before separating the rosin from the shellac. It was 
found, however, that on account of the solubility of wax in alcohol 
4 ind in glacial acetic acid, this separation could not well be made 
by filtering out the wax before the addition of petroleum ether. 
Neither were attempts which were made to separate the wax by a* 
preliminary solution of the shellac in aqueous alkali successful in 
furnishing a method that at all approached in feasibility to the 
method already described. 

The Detection of Uosin in Shellac by the Determination of the 
lotline Value. — One of the methods for determining rosin in shellac 
is based on the different capacities of rosin and shellac to absorb 
iodine when presented to a solution of the shellac in an appropriate 
manner. All the methods ai’e said to give fair results. But it must 
be borne in mind that some of the hosts of the shellac insect, for 
instance Shorea robusta, secrete resin in the case of the latter black 
•dammar. Now as the twigs, etc., of the latter tree must contain 
•dammar, and that dammar, by the crushing of the twigs, etc., must 
of necessity enter the shellac, no hard and fast rules as to the 
iodine value of shellac can very well be applied, the more so as 
some shellac is boiled with caustic or carbonated alkali to remove 
the dye and other kinds are not. But if both kinds are equally 
genuine, yet it is irrational to expect them to agree in a hard and 
fast way as to their iodine value. As Langmuir's application of 
Wijs’ method is as reliable a method of determining the iodine value 
e.s any of the numerous variations of the Hffbl method, it will be 
well to give it at some length. 

If, says Langmuir, Wijs’ solution, rather than Hiibl’s, be used 
in the test for rosin, theie is the great advantage that a qualitative 
reaction is furnished, simultaneously with the quantitative deter- 
mination. Furthermore, if the details to be given are followed, a 
higher number for rosin is obtained than heretofore, and the differ- 
ence between the absorption of rosin and that of shellac is so great 
that a very satisfactory basis for calculation is furnished, and the 
method gains greatly in sensitiveness and accuracy. Shellac stands 
alone among the resins in its low iodine absorption. Rosin has an 
uncommonly high absorption. Ingle states that “ all ordinary oils 
merely reduce the intensity of shade of Wijs’ solution by absorption 
of iodine chloride. Boiled and blown oils colour Wijs’ solution red- 
brown.” Shellac has no effect on the colour of Wijs’ solution (ex- 
oept after long standing) ; rosin, even when mixed with shellac in 
small amount, speedily produces a characteristic red-brown colora- 



314 


THE MANUFACTURE OF VARNISHES. 


tion in proportion to the quantity present. By comparison with 
artificial samples, containing known proportions of shellac and rosin, 
a fair colorimetric estimation can be made. There is no trouble 
whatever in preparing the Wijs’ solution . It is more active than the 
Hanaus solution, and a smaller excess is required. The use of the 
latter should be discouraged as tending to a troublesome duplication 
of data. Four litres at a time is prepared. Glacial acetic acid is 
used. The acid should always be tested for reducing impurities ; 51 
grammes of finely divided iodine is dissolved at a gentle heat. A 
portion of about 250 c.c. is set aside ; 20 c.c. is taken for titration. 
Suppose 20*7 c.c. of sodium thiosulphate solution are required. 
Pure chlorine is passed into the Remaining solution until the char- 
acteristic colour change takes place ; 20 c.c. of this are titrated. 
Suppose the amount required to be 41*7 c.c. The unchlorinated por- 
tion is now added until the titer is reduced to 0*1 or 0*2 c.c. less than 
2 X 20*7 c.c. or 41*4 c.c. The deci-normal sodium thiosulphate 
solution is best standardized directly against iodine, sublimed from a 
tube I containing a mixture of iodine with 20 per cent of potassium 
iodide into a weighing bottle 6*5 x 1*5 cm. diameter. The first 
vapours are rejected. After weighing the iodine is dissolved in 
strong potassium iodide solution, and shaken up in the weighing bottle. 

Lamjmnir's Method, — 0*2 grammes of ground shellac is introduced 
into a 250 c.c. bottle with ground stopper ; 20 c.c. of glacial acetio 
acid is added, and the mixture warmed gently until solution is com- 
plete (except for the wax). A pure shellac is rather difficultly 
soluble. Solution is quicker according to the proportion of rosin 
present ; 10 c.c. of chloroform is added, and the solution is cooled to- 
21° to 24° C. The temperature should bo held between these limits- 
during the test. The colour at this stage is a light yellow. Little 
difference is noticeable between shellacs, the lac dye having little 
effect ) 20 c.c. of Wijs’ solution is added from a pipette, the end of 
which has been heated to diminish somewhat the size of the orifice. 
The bottle is closed and the time noted. The solution is stood in a 
dark place. Pure shellacs will scarcely alter the colour of the Wijs' 
solution. A small amount of rosin will produce a slowly appearing 
red-brown colour. A large amount of rosin causes an immediate 
coloration, increasing in intensity as time passes. After one hour 
10 c.c. of 10 per cent potassium iodide solution is added. The solu- 
tion is immediately titrated with N/j„ .thiosulphate solution ; 25 c.c. 
or 30 c.c. may be run in immediately, unless the shellac is very im- 
pure, and the remainder gradually, with vigorous shaking. Just 
before the end a little starch solution is added. The end point is 
sharp, as the reaction products of shellac remain dissolved in the 
chloroform. Any colour remaining after a half-minute or so is dis- 
regarded. A blank determination should be run with 20 c.c. of 
Wijs’ solution, 20 c.c. of acetic acid, and 10 c.c. of chloroform. The 
blank is necessary on account of the well-known effect of tempera^ 
ture changes on the volume. 
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Example : — 

. Ralli shellac 0*2 gramme. 

Blank 20 c.c. Wijs’ solution 41*1 c.c. hypo. 1 c.c. = *0123 I 
Required in test 35*6 ,, ,, 

Equiv. to iodine absorbed 5*5 ,, ,, 

5*5 X 100 X '0123 -r *2 =: 33*9 per cent iodine absorbed. 

In testing rosin, 0*15 gramme with 20 c.c. acetic acid, 10 c.c. 
chloroform, and 40 c.c. Wijs’ solution is used, the other conditions 
as to time and temperature‘remaining exactly as with shellac. With 
bleached shellacs 0*4 gramme is taken, other conditions remaining 
unchanged. 

Effect of Dirt, Orpiment, Wood, etc . — The only effect noticed was 
due to the lowering of the iodine absorption by the presence of ex- 
traneous matter, less shellac being present to absorb iodine. Except 
in very dirty samples this error is negligible. Time is an important 
factor, as the following experiments show. Conditions were pre- 
cisely as given in the method above, except for the variation in 
time. 

TABLE LXXXVL— SHOWING EFFECT OF THE ELEMENT OF TIME IN 
IODINE ABSORFTIONS OF BUTTON L.VCS AND ROSINS (LANGMUIR). 




Iodine AliS(»rption. 


lime, j 
Bonr. j 

Pure Button Lac. 

i l.ljjlit Kosin “ M”. 1 

“WVV ’• Rosin. 

h 

Per cent. 

8 si 

Per cent. 

22-2-3 

Per cent. 

1 i 

KvO 

233-4 

250 

2 

17’‘i 

2)3-0 

— 

3 ! 

18 -.3 

1 252-0 

270-1 


Influence of Temperature . — Other factors remaining unchanged, 
the temperature was varied ; time, one hour. 

TABLE LXXXVII.— SHOWING EFFECT OF TEMPERATURE ON IODINE 
ABSORPTIONS OF BUTTON LACS AND ROSINS (LANGMUIR). 


Temperature. 

Iodine Absorption. | 



0 C. 

Pure Button Lac. 

Light Rosin " M ". 


Per cent. 

Pur cent. ! 

1 

12 

10-8 

209-5 

22 

16-6 

235-0 1 

33 

22-4 

265-6 


The shellac and rosin used in each series are the same. The 
agreement between the respective rosin and shellac values is note- 
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worthy in the two series where the conditions are identical — i.e. 
shellac, 16*0 and 16*6 ; rosin, 233*4 and 235*0. 

Excess of Wijs Solution. — No experiments were made, a liberal 
excess being used in all tests. Effect of Light. — No experiments 
were made in direct sunlight. Comparative tests on shellac and 
rosin showed no dififerences between darkness and moderate light 
lying outside of experimental errors. Effect of Shellac Wax. — The 
wax has an absorption of only 4*5 per cent, and can be disregarded. 

.\n examination of the above results is convincing as to the 
necessity for keeping the time and temperature constant. If these 
conditions are observed, concordant results can invariably be ob- 
tained on well -mixed samples. Duplicates will not agree as closely 
as those obtained with non-drying oils, but on account of the enor- 
,mous difference in iodine absorption between shellac and rosin, a 
slight variation in the iodine value between duplicates it is urged is 
of little consequence. 

Iodine Absorption of Shellac. — A series of standard samples of 
shellac obtained from a well-known firm gave iodine absorption 
values of 16 0, 15*4, 16*0, 13*5, 15*1, 19*7, 21*5, 14*8, 17*2, 18*5, 
16*0, 31*4, 15*4, 15*4, and 26*5. The following samples of pure 
shellac were drawn from cases or large lots : — 

TABLE LXXXVIII.-IODINE ABSORPTION OF COMMERCIAL SHELLAC 
(LANGMUIR). 


1 

Shellac. 

ioiline Absorption. | 
Per cent. j 

1 DC 

1.5-U 

; Gootl Ralli 

16 0 ' 

,, TN 

17-7 

„ Button (year 1H07) .... 

l.rS 


Many other analyses of shellacs, which have bleached well and 
gave no evidence of rosin in any way, gave iodine values of 18 or 
less. After a consideration of the iodine values of the better grades 
of standards and the others given, it must be admitted that it is per- 
fectly fair to take as the iodine number of a shellac free from rosin 
the number 18. If anything, this value favours the dealer, for 
an absolutely rosin -free shellac undoubtedly has a value below 
this. Eoughly speaking, it could be said that a shellac with a value 
18 or less would he a good shellac. Such a shellac will give good 
results when used ; 18 to 23 would be a fair shellac. At 23 various 
qualitative tests for rosin begin to reveal its presence ; 23 to 28 would 
indicate a poor shellac ; 28 to 33 bad. A shellac above 33 is grossly 
adulterated. 

Iodine Absorption of Rosin. — Various rosins show considerable 
differences in their ability to absorb iodine. The samples are of 
American origin only : — 
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TABLE LXX.XIX.— IODINE ABSOllBilON OF VARIOUS BRANDS OF ROSIN. 

Iodine AbHorptioii. 

Rosin. !*«»■ cent. 



235 

262-5 

228-4 

244-6 

224- 3 
217-5 
233 

225- 6 
175-7 
178 


The light-coloured, soft varieties of rosin would probably have the 
highest iodine values, as they contain more residual turpentine after 
the distillation of the latter. 


Calculation of the Percentage of Ensin . — In all probability, light 
rosins are used in the adulteration of button lac. A small piece of 
rosin found in a case of button was of the light variety, and had an 


iodine absorption of 202. In another case, part of a stave from a 
rosin barrel which had contained light rosin was found. In deter- 
mining the rosin in button lac, a value for rosin well above 200- 
should be taken. The average of a number of tests on light rosina 
was 2 28, and Langmuir takes this figure as representing a fair average 
absorption for rosin. The darker-coloured shellacs, Ralli and TN, 
are probably adulterated with the cheaper dark rosins. The “ Agri- 
cultural Ledger,” No. 9, 1901, states that a common grade of Ameri- 
can rosin is used in adulterating shellac. The average absorption 
of such rosins would probably be below 200. On account of the 
uncertainty, Langmuir preferred to take as a basis in calculating the 
per cent of rosin the value 228 for all shellacs, low or high grades. 
The results are probably closer to the truth in button lacs than in 
Ralli and TN. By taking the number as high as 228, however, no- 
injustice can be done to the dealer, as any error would be in the 
direction of low results for rosin. The use of metallic rosinates, 
ester gums, glycerin-rosin compounds, etc., is very unlikely on ac- 
count of their expense. Metallic compounds would reveal themselves 
in the ash of the shellac. Analyses of ash from various crude 
shellacs reveal nothing of this nature. Furthermore, no rosin 
preparation can be used in which the rosin has lost its solubility in 
alcohol. Such preparations have a lower iodine value than rosin 
itself. Any manipulation of the rosin, such as long exposure, heat- 
ing, etc., would result in a lowering of the iodine absorption due to 
oxidation. A “ WG ” rosin, iodine absorption 226, was pulverized 
and spread out on glazed paper. After three weeks the iodine value 
had dropped to 193. If Y = per cent rosin, M = iodine number of 
shellac, N =• iodine number of rosin, A = iodine number of mix- 


ture, 


Then Y 


100 (A - M) 
N - M 
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Taking the iodine numbers of shellac and rosin at 18 and 228 
respectively, we have in the case of a TN shellac giving a number 
of 33-9 

Per oenl roain - = 7-6. 

228 - 18 

If a rosin of 190 value had been used we should have 9‘2 per 
cent rosin. It is safe to say, therefore, that in the above case we 
are certain that there is at least 7*6 per cent rosin present. The 
following tables, based on the values, shellac 18, rosin 228, will give 
an idea of the relation between iodine absorption and per cent 
rosin : — 


TABLE XC.— KFXATION BETWEEN IODINE VALUE OF SHELLAC PER 
CENT AND ROSIN PER CENT PRESENT THEREIN (LANGMUIR). 


Iodine 

Rosin. 

Iodine 1 

Rosin. 

Iodine 1 

Rosin. 

Iodine 

Rosin. 

Iodine 

Rosin. 

Value. 

Per Cent. 

Value. Per Cent. 

Value. 1 

-i 

Per Cent. 

Value. 

Per Cent. 

Value. 

Per (^ent. 

18-00 


39-0 ! 

10-0 

60-0 

20-0 

81-0 

30-0 

102-0 

40 

23-25 

2-5 

44-25 1 

12-5 

65-25 { 

22-5 

86-25 ‘ 

32-5 



28-5 

5-0 

49-5 ; 

15-0 

70-5 

25-0 

91-5 J 

1 35-0 



33-75 


54-75 , 

17-5 

75-75 i 

27-5 

96-75 

37-5 




Extent of Adulteration . — The following results were obtained on 
samples taken from large lots of TN and Ealli shellac recently 
landed at New York. 


TABLE XCL— APPLICATION OF TABLE XC TO ESTIMATION OF 
SHELLAC (LANGMUIR). 


Shellac. 

Iodine 

Number. 

Rosin. 
Per Cent. 


Shellac. 

Iodine 

Number. 

Rosin. 
Per Cent. 

Ralli, free 

26-5 

4-0 

TN, 

iree 

22-9 

2-3 

M • • 

31-4 

6-4 


blocked . 

27-3 

4-4 


28-7 

5-1 

Ball 

, free 

19-7 

0-8 

TN 

35-7 

8-4 



15-9 

— 

„ blocked . . | 

40-1 

10-5 

TN 

»» 

17-2 



>1 • • 1 

42-7 

11-8 


16-6 




30-6 

6-0 



15-4 

— 

TN, matted . 

48-9 

14-7 

Ralli 

i, blocked 

33-8 

7-5 

„ blocked . . 1 

63-0 

21-4 






The tests given were taken at random from a large number. 
The rosin-free shellacs are in a decided minority, and the extent of 
adulteration shown is deplorable. Any shellac will block if the 
temperature is high enough, and a blocked article is not necessarily 
adulterated. Eosin, however, facilitates blocking by lowering the 
melting-point, and there is no doubt of the increase in blocked goods 
of late. The adulteration practised with TN and Ealli is far sur- 
passed in the case of button lacs. With the exception of one brand, 
not a single sample of genuine button has been met with in the past 
year. 
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TABLE XCII.— SHOWING ROSIN CONTENT OF BUTTON LAC CALCU- 
LATED FROM IODINE VALUE (LANGMUIR). 


Button Lac. 

Iodine Number. 

Per cent Rosin. 

Ruby 

73*6 

26*5 

Sapphire .... 

70*4 

25-0 

Amethyst .... 

77-4 

28-3 

Turquoise .... 

; 68-5 

24-0 

Special 

1 85-5 

1 

32*2 


The average of thirty samples of button gave 57‘8 iodine ab- 
sorption = 18*9 per cent rosin. 

As a check, a series of melts of button lac and rosin were made. 
One hundred gramme portions were cautiously melted on the sand- 
bath. The loss was 1*25 to 1*50 per cent. The results show that 
melting rosin and shellac together at moderate temperatures has no 
effect on the iodine absorption. 

TABLE XCIII.— SHOWING ACTUAL ROSIN IN MELTS OF BUTTON LAC, 
AND ROSIN AND BERCENTAGE CALCULATED FROM IODINE 
VALUE (LANGMUIR). 



, I. Button I.ac22 {>. 

II. Button Lac 20*7. 

Button Lac 10’2. 


Dark Rosin ITt*. 

Li|;ht Rosin 264 8. 

Light Rosin 223*9. 

Rosin. 
Per cent. 

1 

i Iodine 
Value. 

1 

Rosin 
Found. 
Per cent. 

Iodine 

Value. 

Rosin 
Found. 
Per cent. 

Iodine 

Value. 

Rosin 
Found. 
Pec t*eut. 

3 

i 




23*7 

3*6 

5 

1 



— 


26*2 

4-8 

10 

! 40-8 

11-5 

451 

lO-O 

38*65 

10*8 I 

, 15 

1 



— 

— 

48*0 

15*3 

1 20 

: 56-7 

21-8 

66-8 

18-6 

— 

— 

1 20 

1 _ 

— 

oc-o 

18-8 

— 

— 

i " 

00-8 

I 30-0 

— 

“ ! 

— 

— 


Even 3 per cent rosin increases iodine value from 16*2 to 23*7. 

Physical Properties . — Colour is some guide to purity, but unsafe 
for Ralli and TN, and no guide for button lacs. In powdering 
shellac rosin shown by stickiness, a pure sample becomes strongly 
electrical in a coffee mill. Pure shellac can be pared with a knife 
without splintering. When crunched between the fingers and 
palms of the hand, adulterated shellac breaks readily into tiny pieces. 
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COLOURS AND STAINS. 

Bed Sandera . — There are three kinds of sandalwood, viz. white, 
yellow, and red. It is the wood of the latter variety, the IHerocarpus 
santalinus, the red sandei*s wood (Lignum santali ruhrum), that is used 
in varnish staining. It is a solid, compact, dull, heavy, red-coloured 
wood imported from the Coromandel Coast and the mountainous 
parts of India. It is a small tree of South India, chiefly in Cuddapah, 
North Arcot, and the southern portion of the Carnul district. On a 
small area near Kodur in Cuddapah it has been very successfully 
cultivated. In former years the great use of the wood of this tree 
was as a dye, and large shipments were annually made from Madras 
to Europe, where it was employed as a colouring agent in pharmacy, 
for dyeing leather, and for staining wood. The demand, however, has 
now declined owing to the introduction of coal-tar dyes. In India 
the dye of red sanders is chiefly used in making idols and for stain- 
ing the forehead in certain caste markings. The value of the wood 
as a dye is due to a red colouring principle, santaline, soluble in 
alcohol and ether but not in water. When dissolved in alcohol it 
dyes cloth a beautiful salmon pink. Its tincture is a flne spirit stain. 

Santaline . — The chief colouring principle, which is very perma- 
nent, is santaline. It is present to the extent of 16'75 per cent ; it is 
a crystalline red powder melting a little below 212° F., soluble in 
alcohol, ether, acetic acid, and caustic alkalis. It may be extracted 
and isolated from the wood as follows : The finely powdered 
sandalwood is completely exhausted with alcohol and the alcoholic 
solution treated with an excess of hydrated oxide of lead (made by 
precipitating sugar of lead by caustic soda). The precipitate is 
collected on a filter, washed with alcohol, and dissolved in acetic 
acid. To the solution an excess of water is added which precipi- 
tates the colouring matter. The solution of acetate of lead may be 
used to make new hydrate of lead. The precipitated colouring 
principle, pure santaline, is washed and dried at a low temperature. 
In beauty and brightness it is nearly equal to carmine, and is of 
great interest to painters, who find it to be a very solid and fast 
colour. The carriages of Napoleon III were painted with it, and 
nine years afterwards were as bright as when first put on. Some 
authorities, however, describe it as fugitive, but that may possibly be 
due to the fact that the pigment was used in an alcoholic solutiop 



Adulterations . — The powder is said to bo frequently adulterated 
with red raddle, a fraud which may be detected by triturating 2 
of the powder with 10 of water, and afterwards shaking with chloro- 
form. The wood floats on the chloroform. 

Safflower, or Carthamus tinctoria . — Bastard saftron is an annual 
plant, cultivated originally in the Levant, but afterwards in Persia, 
which furnishes the best quality, and other parts of Asia, Egypt, 
America, and Europe. There are several varieties of it, some 
with large, soft, almost non-spinose edible leaves, others with small. 



■ Fig. il.—Bixa Orellana (the source of annntto). Flowering branch and fruit. 

very hard spinose leaves (C. oxycanthe). The latter is grown fairly 
extensively for its flowers, the safflower dye of commerce, but these 
conditions recur again, so no true characters can be given. The day’s 
collection is carried to the homestead and partially dried in the shade, 
rubbed between hands, put on basket filters, and pure stream water 
run on to remove the soluble yellow dye. When the water is clear 
the florets are partially dried and pressed. Safflower cakes gunerat 
are sold in Bombay at 2 to lb. per rupee. Saflflower seed, prized 
for its oil used in Afridi waxcloth, is the chief oil-seed crop of Bom- 
bay'. It might be used here as a linseed oil substitute. 

Composition . — Safflower contains two colouring principles, one 
yellow, the other red. The yellow principle is alone soluble in water. 
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Its solution is always turbid, giving with reagents the precipitates 
common to yellow colouring matters. The alkalis render it lighter, 
the acids deepen it in shade, giving it more of an orange hue ; both 
produce a small dun precipitate which clarifies it. Alum gives a 
slight deep yellow precipitate. The precipitates with the solution 
and other metallic salts are not characteristic. Alcohol takes hut a 
slight dye out of those flowers from which the yellow substance has 
been previously extracted with water. But such flowers yield a 
yellow liquor, with caustic alkaline solutions, which on neutralizing 
with acid becomes turbid and reddish, and deposits a slight reddish- 
yellowish precipitate. Solutions of alum, zinc, and tin yield a yellow 
and those of iron a copper-greenish tinted precipitate. If a carbon- 
ate of an alkali has been used, the acids produce an abundant and 
a redder precipitate, but the shade differs according to the acid em- 
ployed. Alum gives with the carbonated alkaline solution a red 
precipitate, which is so light that it usually floats on the surface of 
the liquor. This colouring matter is so delicate that it must not be 
treated with hot solutions, otherwise the precipitates have no longer 
the same beautiful colour. The petals of safflower have a fine flame 
colour. It should be gathered only when it begins to fade ; and it 
is better when it has received rain in this state, although there is a 
prejudice to the contrary. The rain may be supplied by an artificial 
watering of the flowers morning and evening. The seeds may still 
be left to ripen after the blossom is cropped. 

These directions are given with the view of separating the yellow 
substance, a redundance of which may constitute the difference 
between the carthamus of Western Europe and that of the Levant. 
It is proper to keep the carthamus in a moist place, for too much 
drying might injure it. It has been grown successfully at Gottingen 
and Amiens. The yellow matter of safflower is not used, but in 
order to extract this portion the carthamus is put into a bag which is 
trodden under water till no more colour can be pressed out. The 
flowers which were yellow become reddish and lose nearly one-half 
in weight. These are now treated with alcohol, which extracts 
almost pure carthamine, a substance which is soluble in fatty oils, 
yielding a rose-red or orange-red liquid. According to Guignet, 
carthamine is very dear, rising as high as 3000 francs the kilo- 
gramme, but it has great tinctorial powers. It is extensively used 
in the preparation of vegetable rouge, which has the advantage of 
colouring the skin without dyeing it. 

Annatto is a somewhat dry, hard paste, brown without and 
red within. It is usually imported in cakes of two or three pounds 
weight, wrapped up in leaves of large reeds, packed in casks from 
America, where it is prepared from the seeds of the Bixa orellana 
of Linnffius, the Rocouyer of the French. The pods of the tree 
being gathered their seeds are taken out and bruised, and it is from 
the resinoid pulp that the annatto is produced. They are now 
transferred to a vat, covered with water, and left for several weeks 
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or even months. The substance is now squeezed through a sieve 
placed over the vat so that the water containing the colouring matter 
may return thereto. The residue is covered with banana leaves and 
allowed to ferment, after which the process is repeated, and so on 
till no more colour remains. The substance thus extracted is passed 
through sieves to separate the remaining seeds and the colour is 
allowed to subside. The precipitate is boiled in coppers till reduced 
to a consistent paste ; it is then suffered to cool and dried in the 
shade. Another and simpler method consists in simply washing 
the seeds of annatto until they are entirely deprived of their colour, 
which lies wholly on the surface, and precipitating the colouring 
principle by lemon juice or vinegar, and to boil down or to drain in 
bags. The annatto produced in this way is of quadruple value to 
that made by the previous process ; moreover, it dissolves more 
readily and gives a purer colour. Annatto contains two colouring 
principles, viz. orelline and bixine. Orelline is yellow, soluble in 
water and alcohol, and almost insoluble in ether, whilst bixine is 
red, very slightly soluble in water, but soluble in alcohol, ether, and 
alkaline solutions. According to Dr. John, annatto contains an 
aroma, an acid, resin combined with the colouring matter, vegetable 
mucilage fibrine, coloured extractive, and a peculiar matter which 
approaches to mucilage and extractive. This analysis explains why 
an alkali is added to annatto wl/^n used in drying. The alkali com- 
bines with the resin and forms a soap which dissolves in water. It 
likewise acts on the colouring matter, rendering it more lively. 
Annatto is often adulterated by sprinkling and mixing it with urine, 
which can be recognized by the smell of ammonia which it gives 
off when heated with caustic soda. It is sophisticated with ochre 
and sand, which are recognized cn treating with alcohol. A decoction 
of annatto in water is turbid, h^s a strong, peculiar odour and a 
disagreeable taste. Its colour is yellowish-red, turning orange-yellow 
with alkalis ; at the same time the liquor clarifies and becomes 
more agreeable, while a small quantity of a whitish substance is 
separated from it which remains suspended in the liquid. If 
annatto be boiled along with an alkali, it dissolves much better than 
when alone, and the liquid has an orange hue. 

With the liquor (1) Acids yield an orange-coloured precipitate, 
soluble in alkalis to a deep orange coloration. (2) Alum yields a 
deeper orange precipitate ; the liquid is of a pleasant lemon -yellow 
colour verging to green. (3) Sulphate of iron forms an orange- 
brown precipitate ; the liquor retains a very pale yellow colour. (4) 
Sulphate of copper gives a precipitate of a yellowish-brown colour, 
a little brighter than the preceding ; the liquor preserves a greenish- 
yellow colour. (5) Solution of tin produces a lemon yellow precipi- 
tate which falls slowly. 

The colouring principle of annatto is soluble in oil as well as in 
alcohol. A solution in olive oil is used in France to impart a 
butter-yellow tint to margarine. 
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Turmeric. — The colouring principle of turmeric is furnished by the 
root (rhizome) of Curcuma tinctoria (Gub.), (C'. Longa, Lin.), which 
flourishes in the East Indies. This substance is very rich in colour, 
yielding a brilliant orange-yellow, which is not, however, permanent. 
It is soluble in ether, alcohol, and coal-tar naphtha, and is an in- 
gredient of delicate yellow lacquers. It is insoluble in water. It 
dissolves to a deep red colour in caustic alkaline solutions from which 
it is precipitated by acids. Turmeric powder is often adulterated, 
especially with pea-flour, which can easily be distinguished under 
the microscope. The Chinese is the best, especially Formosan, then 
that of Bengal, Pegu, and Madras. Bombay and Sind produce the 
worst. In buying the rhizome fingers, big, hard, heavy, and difficult - 
to break are the best. 

Saffron consists of the stigma of the flower of the cultivated 
saffron, Crocus saliva, indigenous to the East, but now cultivated 
generally throughout Europe. It requires a million flowers to make 

lb. of saffron. It contains a yellow colouring principle, safranine 
or crocine,^ which, when isolated, consists of a rose powder that 
dissolves with a yellow coloration in boiling water, alcohol, and 
alkalis. Saffron is often sold after being exhausted with alcohol 
and dried, but in that case instead of having a greasy lustre its 
surface is dull. It is often mixed with other flowers, with the 
fibres of dried beef, etc. These sophistications may be detected 
under the microscope. Certain formulae for spirit varnishes still 
retain saffron, but it is principally used in cooking, confectionery, 
and medicine. 

Indigo is a vegetable dye obtained by a process of steeping, 
fermentation, and oxWation from the leaves of Indigofera tinctoria 
and J. cernlea, natives of the East Indies and other parts of Asia. 
Indigo is met with in commerce in the form of small cubes or in flat, 
irregularly shaped pieces of a bright black or greenish-blue colour, 
and consisting of a dry paste containing among other matters a 
peculiar colouring principle, indigotine, which may be isolated by 
sublimation. It is insoluble. 

Indigo is used in spirit varnishes, but only the very light kinds 
so as to avoid precipitation. When indigo is treated with sulphui’ic 
acid, and the product neutralized with soda, a blue colouring sub- 
stance is obtained called indigo carmine, which finds a use in minia- 
*ture painting. When indigo carmine is used to colour varnishes it 
is first ground upon a slab with a small quantity of the varnish 
and then incoq)orated with the bulk. 

Alkanet Hoot, — The root of the Anchusia tinctoria cedes a red 
colour to alcohol, invaluable as a spirit varnish stain, as unlike aniline 
dyes it is free from fluorescence. 

* Neither of these must be confounded ^ith the aniline dyes of the same name. 
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TABLE XCIV.—COAL TAR DYES USED IN SPIRIT VARNISH-MA?ING. 


Yellows. Browns. Reds. 

Auramine, Con. 0. Gaohou brown (D. G.). Magenta. 

Chrysoidine, A. C. Xla. Dark brown (M. M. B.). Janus red. 

Vesuvin, Da 0. 2R. Janus brown (R. B.). 

Victoria yellow, Double Cone. 

Janus yellow (G. R.). 


Violets. 

Methyl violet. 


Greens. 

Malachite green, Extra Xls. 
Brilliant „ „ 

Janus „ (G. B.) 

Blacks. 

Coal black (O. I. II.). 
Nigrosin (R. 0. D.». 
Janus black (0. I- II.). 


Blues. 

Methylene blue. 

.Tanus blue (G. B. R.). 
Fast blue (0.). 


Aniline Colours used in Lacquer Making, etc. — 1. Magenta 
(Fuchsine), crystals a greenish metallic lustre by reflected light, 
but in thin sections by transmitted light their colour is red. It 
dissolves sparingly in water, imparting to it a crimson colour with- 
out fluorescence. Its aqueous solution is precipitated by tannic 
acid. It dissolves readily in alcohol, and in amylic alcohol (fusel 
oil, etc.). Only a small amount may be used to colour spirit varnish, 
otherwise it will dry with a bronze reflection which will mask the 
true colour. 

C«H2(CH‘) • NH« 

Safra7iine ^N-C«H*-C1 

^C«H2(CH3) • NH* 

2. Safranine is met with in commerce as a brown-red powder. 
It forms, when pure, red crystals with green reflection, which dissolve 
in water a red colour. It is precipitated by tannic acid from its 
aqueous solution. Its solution in alcohol is red with a fine orange 
fluorescence, and when mixed with auramine it colours spirit varnish 
a fine scarlet. It does not dissolve in ether. It is prepared by 
treating o-toluidine with nitrous acid and then oxidizing. 

/C«H (NH-)80»Na 
Acid Magenta C( C'»H«(NH«)SO'»Na 

3. Acid Magenta. — Commercial acid magenta is a green powder 
with metallic lustre which dissolves in water and alcohol with a 
bluish-red colour. Caustic soda discharges dilute acids, even COj 
reproduce the colour. Its tinctorial power is only about one-half 
that of ordinary magenta. 

Janus Bed, m-Amidophenyltrimethylammonium + m-Toluidin diaz. + jS-Naphthol, 
NICH^l-Xll • cm* • N* • C«H»(CH») • N* • C'»H® • OH. 

4. Janm Bed is produced by diazotizing the base, coupling it 
with m-toluidine, diazotizing again and combining with )9-naphthol. 

6. Picric Acid, CgH 2 (N 0 jj) 30 H, although a coal-tar colour, was 
discovered so far back as 1799. It is met with in the form of pale 
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lemon or straw yellow folisB, which melt at 122 ’5’ C. It may be 
sublimed, but with the greatest of care, as it is highly explosive, and 
its alkaline compounds even more so. It may be used by itself to 
colour varnishes yellow or in combination with suitable blues for 
green lacquers, etc. It is produced by the action of nitric acid upon 
carbolic acid. It is also generated when silk, wool, leather, aniline, 
indigo, resins, etc., are acted upon by this acid. It only dissolves in 
165 times its weight of water, but 1 part in 1000 communicates a 
distinct greenish-yellow colour and a most intense bitter taste to the 
water used for its solution ; but it dissolves easily in alcohol, ether, 
and benzene. 

The commercial article is liable to adulteration. It should be 
completely soluble in benzol, and in water acidified with sulphuric 
acid and in 10 parts of alcohol. Any matter insoluble in alcohol 
would indicate mineral matter, sulphate or nitrate of soda. The 
solution in ammonia should give no precipitate with calcium chloride 
(absence of oxalic acid). Sugar may be detected by neutralizing 
with soda and extracting with dilute alcohol. The sugar dissolves ; 
the picrate of soda is insoluble. 

ONa 

6. Victoria OrangCf C^HoCH^ , is a variable mixture of the sodium 

(NO,), 

salts of 0 - and p- dinitro cresol. With trinitro metacresol it forms a 
reddish-yellow powder which dyes wool a yellow-orange. It is 
poisonous, but none the less is used to dye liquors, etc. Victoria 
orange can be readily sublimed by placing the suspected sample 
between filter paper and heating to 100° C. If this dye be present the 
paper will be stained yellow. The ammonium salts of nitro cresols 
are used as explosives. Thus the ammonium salt of trinitro cresol 
is the chief constituent of the Austrian explosive ecrasite and prob- 
ably also of the French cresylite. All these explosives, picric acid, and 
such like, should be stored outside the building. Picric acid accidents 
are somewhat numerous in colour factories, and no doubt are the 
cause of fires and explosions which cannot be traced to their source. 
Spirit varnishes stained with nitro compounds are highly dangerous 
and should be branded as such. 

Phosphine • NH* • HNO=‘ 

\(|. /—cm* • NH2 

7. Phosphine is an orange-yellow powder, soluble in water, 
from which it may be precipitated by tannic acid. Alkalis precipitate 
it in yellow flocks soluble in alcohol and ether. The precipitate is 
coloured brown-red if sample impure. If concentrated hydrochlorio 
acid be added to a solution of phosphine, a precipitate of the di-aoid 
salt is produced which is freely soluble in water. It is soluble in ^ 
alcohol and also in ether, imparting to the solution a magnificent 
yellow colour with intense green fluorescence. Aqueous solutions of 
phosphine yield in the cold, with a 1 per cent solution of nitrate of 
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potash, an immediate characteristic red crystalline acicular precipi- 
tate of chrysaniline nitrate. 

Anramine HN = C<C«HJ • N(CHy^ 
o.hn = c<c:h;;(ch^o^ 

8. Auramiiie. — Commercial auramine is a yellow powder which 
yields a yellow solution with water. Alkalis give a white milky 
percipitate soluble in ether without fluorescence. Mineral acids 
gradually decolorize it in the cold. Sodium amalgam gradually 
decolorizes the alcoholic solution, which, on the addition of water, 
yields a colourless precipitate, yielding a deep blue coloration with 
hot acetic acid. Zinc dust and acetic acid give a green colour. 
Auramine, Con. 0. (M. L. and B.) is recommended for spirit varnishes. 

ChryMidine C«H» • N^ • 

9. Chrysoidine. — Commercial chrysoidine consists of deep violet 
crystals with metallic lustre, dissolving easily in boiling water and in 
alcohol. Dyes wool orange-yellow. The aqueous solution coagulates 
into a deep blood-red gelatinous mass. Sulphuric acid gives a 
yellowish-brown coloration. Tin crystals decolorize. Basic acetate 
of lead gives an orange precipitate. Mixed with methyl green gives 
a fine olive-green. Chrysoidine A. C. Xls. (M. L. and B.) is recom- 
mended for spirit varnishes. 

BUmarclc Brown 

10. Bismarck Brown. — Commercial Bismarck brown is a blackish- 
looking powder, dissolving in alcohol and water with a red-brown 
colour. Dyes wool orange-brown ; sulphuric acid turns the aqueous 
solution yellowish- brown. Tin crystals and hydrochloric acid dis- 
charge the colour. Basic acetate of lead gives a brown precipitate. 
The aqueous solution does not gelatinize on cooling {distinction from 
chrysoidine). This colour is greatly used by French polishers as a 
mahogany stain. 

11. Cachou Broivn, M. L. Br. 

Diamivhrown M. 

T» . 1 . ^Salicylate 

enzi ‘“<^^.^naidonaphtholsuIphonate 7 (alkal. comb.). 

Diaminbrown V. 

j;„^i8-Amidonaphthol8ulphonate y (alkal. oomb.). 

^^enzi(iiii<m.phenylendiamin. 

/C«H< • SOWa 

un u • C«H< • SO <Na J 

• CH» • NH • C8H ’ 

Alkali Blue Cf-CW • NH • C«H“ 

\C«H'»-NH-C«H"-Cl 

12. Alkali Blue. — Commercial alkali blue is met with as a brown 
powder or in lumps, which dissolve in 5 parts of water and in 
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alcohol.* Acetic acid colours blue and deposits a blue precipitate on 
boiling. Hydrochloric acid precipitates the colour with decoloriza- 
tion of the solution of the chemically pure colour. If carbonic acid 
is given off on acidification, soda is present ; ammonia in excess 
decolorizes the solution ; caustic soda gives a violet-red coloration, 
which turns to reddish-brown on boiling. 

13. Spirit BluCt or aniline blue, is insoluble in water, but soluble 
in alcohol and ether. It is principally used in the manufacture of 
alkali blue. Its shade varies from blue to violet. 

Janu& Indoin blue R. Safranin diaz. + /3-Naphthol. 

14. James BUie. — The hydrochlorides of saf ranine azo 
naphthol. The safranine azo )8-naphthol is first prepared and the 
azoic so obtained treated by hydrochloric acid. 

/C«H‘ - N(CH )* 

Methylene blue >S 

=N(CH‘)*-C1 

16. Methylene Blue. — The hydrochloride or the zinc chloride 
double salt (chlorozincate) is specially suitable for sky-blue tints. 

16. Fast Blue. — R. B. spirit soluble. An induline produced by 
heating amidoazo-benzol (nitrophenol) with aniline and aniline hydro- 
chloride. 

17. Light Green S. F. Yellow Shade. — This dye comes into com- 
merce as a brown amber-looking powder, which dissolves in water and 
alcohol. The aqueous solution is completely precipitated by basic 
acetate of lead yielding a magnificent green lake. It is a truer green 
and much more permanent to light than any other aniline green, 
and can be safely recommended to the varnish- maker. 

/cm* • N(CH »)* 

Malachite green, C^H' • • Cl 

Tetramethyl(liamidotriphenyloarbinol-chioro-zincate,-picrate, or -oxalate. 

18. Malachite Green is prepared by condensing dimethyl aniline 
with benzoic aldehyde in presence of a dehydrating agent, zinc 
chloride or anhydrous oxalic acid, is met with in crystalline plates of 
a green metallic lustre, which dissolves freely in water, alcohol, and 
amylic alcohol (distinction from methyl green). Hydrochloric acid 
gives an orange coloration, the green colour being restored by dilu- 
tion ; tin crystals a green precipitate. Bleaching powder, ammonia, 
and alkalis decolorize, very fugitive. When heated to 100® C. it 
does not turn violet (distinction from methyl green). 

Brilliant green, Tetraethyldismldotriphenylcarbinol. 

19. Brilliant Green is the tetraethyl derivative corresponding, to 
malachite green. It thus only differs from malachite green by con- 
taining the radical ethyl instead of methyl. In conomerce it occurs 
as the zinc chloride double salt or sulphate. Brilliant green extra 
crystals (M. L. and B.) are recommended for varnish-makers. 
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20. Janus Green (M. L. Br.) is obtained by the action of di- 
methylaniline on diazo safranine. 

Methyl violet B, 2 B, Pentamethyl-pararosanilin hydrochloride, 
yew • NH • CH» 

C. CW-N(CH»)a 

• N(CH=0a • Cl 

21. Methyl Violet is a mixture of tetra-, penta-, and hexa-methyl- 
ated rosinates. It is produced during the oxidation of dimethyl 
aniline by means of salt, copper salts, and phenol. 
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METHODS OF MANUFACTURE. 

CHAPTER XXI. 

PBINCIPLES AND PRACTICE OF SPIRIT VARNISH MANUFACTURE. 

Definition . — Spirit varnishes are more or less thin, more or less 
viscous, colourless or more or less coloured, more or less opaque or 
transparent solutions of one or more natural resins, e.g. shellac or 
sandarach, etc., in one or more appropriate volatile solvents which 
leave on evaporation a thin, more or less resistent film which both 
adorns and protects the object on which it is applied. 

Or spirit varnishes may consist of more or less viscous solu- 
tions with similar properties of a natural or artificial asphaltum in 
turps or of an artificially produced solid such as nitro ceUulose, in an 
appropriate volatile solvent such as amyl acetate. Or again, the 
solid constituent of spirit varnish may consist of an artificially pro- 
duced resin generated by the action of say formaldehyde on various 
organic bodies. Or these various classes of solids, natural resins^ 
artificial resins, natural bitumens, and artificial pitches and other 
artificially produced solids may each and all enter into the composi- 
tion of a spirit varnish, and the solvent instead of being a simple 
body like ethyl alcohol may consist of a mixture of ethyl, methyl, 
and amyl alcohols, ethyl and amyl acetates, ether, acetic ether, ben- 
zene or its chlorides, or other derivatives, together with the chlorides- 
of the other hydrocarbides, homologous with benzene occurring in 
coal-tar. When it is added that a spirit varnish may be coloured by 
any natural dye soluble in alcohol or any coal-tar dye soluble in the 
same solvent, it will be seen that if spirit varnishes are usually fairly 
simple solutions of one or two resins in methylated spirits or in 
spirits of turpentine, yet on the other hand spirit varnishes may be 
of a highly complex nature indeed. On evaporation of the liquid sol- 
vent or solvents with or without the aid of artificial heat, the more 
or less unchanged resins or solids are left in the form of a thin layer 
of dried varnish, which varies on the one hand with the- nature and 
relative proportion of the resins and solids to each other, and the 
ratio of solvents to substances dissolved on the other hand. The 
resin or solid is supposed to be recovered unchanged on the evapora- 
tion of the solvent as a layer of varnish, and this coat to exhibit all 
the merits and defects of its constituent solids, but this is only true 

( 330 ) 
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in a very general sense. There are no data as to how far such 
resins may undergo chemical change during solution or become 
oxidized in contact with the air both during and after the evapora- 
tion of the solvent, nor whether the solvent has got any chemical 
affinity for the resin, nor the one resin for the other, nor whether 
such affinity comes into play during the making, applying, and spon- 
taneous evaporation of a spirit varnish. Hard resins yield bright spirit 
varnishes, but such varnishes leave brittle films. Varnishes from 
soft resins are less lustrous, but their elasticity diminishes as their 
essential oil disappears. By dissolving several resins together, their 
bad qualities may be so neutralized as to yield a varnish fit for the 
end in view, an end unattainable by the solution of any one single 
resin. By judicious admixture of cheap resihs, a varnish approach- 
ing that got from a more costly resin may be prepared. But it is 
necessary at the outset to know the kind of varnish which each resin 
yields, in what points it excels, and in what points it is deficient, and 
here comes in the important point of the comparative hardness of 
resins. Scale of Hardness. — (1) Amber, (2) Copal, (3) Dammar, 
(4) Shellac, (5) Mastic, (6) Sandarach, (7) Rosin, (8) Elemi, (9) 
Turpentine, (10) Burgundy pitch, (11) Asphaltum. The hardness 
of the various resins classed as copal is given on pp. 9 and 48, 
Vol, II. Hard resins, like amber and copal, yield on evaporation 
of the solvent non-tacky, hard, lustrous, but rather brittle coats. 
These resins excel as oil varnishes, so much so that the amber oil 
varnishes used in colour-printing on tinned iron leave a film on the 
sheets of such elasticity that when the tinned sheets after printing 
have had to be milled and the printing perforce elongated, the con- 
tinuity of the varnish is perfect, such is its enormous elasticity. But 
this elasticity is greatly due to the oil and not altogether to the pyro- 
succin. The only oils soluble in spirit and thus available for spirit 
varnish manufacture is castor oil, but it does not dry well and its 
addition to spirit varnishes unless unavoidable is to be deprecated. 
Sandarach and mastic yield fairly hard but much more brittle films, 
which, moreover, are somewhat tacky till thoroughly dry. Elemi, 
Venice turpentine. Burgundy pitch, gum, thus yield elastic, but very 
tacky coats ; their elastic-imparting capacity depends on the essential 
oil which they contain and retain but only for a time. Such elas- 
ticity is thus evanescent. Shellac is the spirit varnish resin par 
excellence. It may be termed the ne plus ultra of spirit varnish 
materials in so far as it is unexcelled in yielding a varnish which 
produces a tougher and more elastic coat than that got by the use 
of any other natural resin. Not only so, but for ease of application, 
as in French polishing, shellac varnishes occupy a perfectly unique 
position. The same amount of elasticity as is obtained in the film 
left by a shellac spirit can be got from no other resin unless it be 
incorporated in an oil varnish, then the elasticity of the varnish is 
due to the oil. It is a pity that varnishes supposed to consist wholly 
and solely of shellac should be adulterated with Manila copal and 
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Tosin. Exceptions were taken in certain quarters to this *statement 
in the first English edition of this treatise. It is to be hoped that 
those who then did not know better have by now become more 
enlightened. 

Buies Regulating Solution of Resins in Mixed Solvent (Tixier). 
— Take C soluble in a fluid S but insoluble in another I. If a 
known weight jj of C be dissolved in a known weight of S, a 
certain weight of I can be added to the solution without producing 
any turbidity. Let the greatest amount of I that can be so added 
= Z. Then z, though depending on the nature of S and upon the 
concentration of the solution as well as upon the nature of C and 
. upon the temperature, is independent of x within very wide limits. 
The equation connecting these quantities has been found to be 


y _ 

Y + Z 


h a constant. 


Tixier claims from above data to be able to classify varnishes into 
perfect varnishes, consisting of simple solutions of C in S, and im- 
perfect varnishes, consisting of the same solutions with more or less 
I in them. Each of these he subdivides into two sub-classes. Sub- 
class A quick-drying, sub-class B slow-drying, and these sub-classes 
may be still further differentiated thus : — 


Varnishes 


quick-drying j tacky 
slow-drying \ non-tacky 
quick-drying ( tacky 
siow-drying i non-tacky 


The quality of a varnish, as we have already seen, depends princi- 
pally on the resins employed and the stability of the solution. The 
kind of resin or resins, and the proportions thereof, also vary with 
the kind of varnish it is desired to make and the purpose for which 
it is to be used. 

More or less volatile liquids are used as solvents — such as 
methylated spirit, spirits of turpentine, ether, etc. The harder the 
resin and the more volatile the solvent, the quicker does the varnish 
dry ; but the coating does not wear so well, being easily affected by 
alterations of temperature. If the varnish be too thin the coat will 
** pit " — i.e. become dotted with numerous small holes ; on the other 
hand, if too thick, the resin, being very brittle, will shell off very 
easily. The quantity of solvent, or solvents, required for any par- 
ticular spirit varnish will depend not only on the thickness, etc., of 
.the coating desired, but also on the nature of the resin, or resins, 
and their degree of solubility in the solvent, or mixture of solvents, 
as well as on the greater or less rapidity with which the solvent, or 
the different volatile ingredients of the mixture of solvents, volatilize. 
Speaking generally, the consistency of a varnish should harmomze 
with that of the solvent. The more volatile the solvent the thmner 
should be the mrnish, the necessary thichiess being imparted by appl^* 
ifsg several thin^ coats. 
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Thinning Down Concentrated Varnishes,- — Some manufacturers 
prepare a thick varnish, which they thin down to the requisite con- 
sistency as they send it out, according, to the nature of the “orders 
they are making up. In actual practice, 2^ parts of solvent aro 
used for every part of resin ; but when the varnish has afterwards 
to be bleached or filtered, etc., a larger proportion of solvent may be 
used, and the excess afterwards recovered by distillation. 

Mixing Separate Standardized Solutions of Individual Resins to- 
Produce a desired Varnish. — When the manufacturer has a large trade 
in a variety of varnishes of very different compositions, in each of 
which several resins are associated together, no good purpose is 
served in multiplying operations by preparing each of those varnishes 
II* is far better and more economical to make separate solu- 
tions of each of the resins and mix them, when required, in the 
desired proportions, according to the particular varnish it is desired 
to send out. In order to save calculations, and thus be in a position 
to make the necessary mixings expeditiously, all the resin solutions 
should if possible be of the same strength, i.e. the ratio of resin to* 
solvent the same in each case (see Eeh’s method, pp. 382, 407). 

Thinning Down Comentrated Varnishes. — Working in the above 
manner, the solutions of each of the resins must be at least as thick 
as that used in actual practice ; it is possible to thin down a varnish, 
with spirits of turpentine or methylated spirit, but it would be a 
costly job to concentrate it. Some varnish-makers therefore prepare 
several thick solutions which they thin down, and blend, the one 
with the other, when making up their varnish orders. Eeference to* 
the table given on p. 436 will show, as regards methylated spirit, 
solutions of rosin, the thickness and viscosity at different strengths,, 
and each varnish manufacturer could at no great trouble and with, 
great profit to himself construct a similar table for each varnish resin, 
and each solvent. On the Continent, where they use much thinner 
spirit varnishes than we do here, about 2^ lb. of solvent are used for 
every lb. of resin, i.e. about 2 to 3 lb. to the gallon, but when the 
varnish has afterwards to be bleached or filtered they are said to- 
use thinner solutions still, and recover the excess of solvent by distil- 
• lation. However that may be abroad, the British excise laws do* 
not sanction any such method of working. Moreover, in Britain 
5, 6, and 7 lb. of resin to the gallon of methylated spirit are not un- 
common, and spirit varnishes are not often filtered and still less 
seldom bleached. The principal solvents used in spirit varnish 
manufacture are methylated spirits and spirits of turpentine^ 
Alcoholic Stremjth. — When alcohol is the solvent or vehicle used, 
the quicker the varnish is required to dry the stronger must be the 
alcohol. In all cases it should contain 90 per cent of anhydrous or 
absolute alcohol, but abroad they consider when it is required to thin 
the varnish 83 or even 80 per cent, alcohol answers very welL 
But it is better to try on a small quantity how far the alcohol ,,pan 
; he reduced before starting to thin down the bulk of the varnish, loi^ 
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if too weak alcohol be used the water which it contains will throw 
the resin out of solution, rendering the varnish turbid, and give more 
trouble and annoyance in again clarifying it than would compensate 
for any profit incidental to the process. It is also necessary to note 
whether the varnish becomes cloudy on lowering the temperature. 
Moreover, too dilute alcohol imparts a tendency to “ bloom,” etc., 
to the resultant varnish. 

Spirits of turpentine always leaves a residue on evaporation. It 
partially resinifies owing to the absorption of oxygen, and this resin 
or balsam is embodied in the resultant coat, which consequently 
does not dry so quickly as a methylated spirit varnish or one made 
from rectified shale naphtha, petroleum naphtha, or coal-tar, etc., 
naphthas. But spirits of turpentine does not evaporate so quickly 
as methylated spirit ; the coating is thus formed more slowly, and 
therefore in a more uniform and free manner, thus diminishing 
pitting and cracking. Becently distilled spirits of turpentine does 
not oxidize or resinify to any great extent, but when it has been 
stored for some time with free excess of air it oxidizes very appreci- 
ably, and the thick gluey balsam left on evaporation seriously 
injures the quality of the varnish. Ordinary crude or deficiently 
rectified Russian spirits of turpentine leave a bulky residue on 
evaporation and cede much tarry matter to caustic soda. The use 
of spirits of turpentine as a solvent for varnishes for indoor work is 
restricted by its injurious action on the nervous system of the 
painters and decorators i who inhale its vapours in too great a quantity. 
But the diminished amount of oxygen in the superincumbent atmos- 
phere due to its rapid absorption by the spirits of turpentine and 
resin must of necessity exert an injurious effect. In what state the 
volatilized spirits of turpentine diffuses through the air is another 
point which claims attention. It is more than likely that it is diffused 
as a substance allied to camphor. We know that it resinifies slowly 
when in the liquid form it comes in contact with air. But how 
much quicker must be its oxidation in the gaseous form when 
diffused through the air even of a comparatively confined space. 
Looking at the matter from this point of view, it is not difficult to 
account for the condensable gaseous emanations from “ white-lead ” 
paint. They no more emanate from white lead than they do from 
the China clay with which it is sophisticated. 

Influence of Rcsinijication Products of Turps on the Drying of 
Varnishes, etc. — Reh’s assertion that small portions of soft resin 
or the resinification products of oil of turpentine will retard the 
drying of varnishes, induced Ragg to investigate the question more ’ 
thoroughly. He found that the resinification process is effected in 
two stages, the first being characterized by the formation of a thick 
brown oil, which is transformed, during the second stage, into a 
resin with the consistence of galipot. Each of these products was 
Added to copal varnish, in quantities varying from 44 to 136 per 
cent of the amount of copal present. The results showed that 
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neither of them adversely affects the drying properties of the varnish, 
even when the quantity added far exceeds that present in practice, 
though an injurious effect may be produced in the case of linseed oil 
varnish or with oil paints that do not contain saponifiable oxides of 
the heavy metals. 

Nowadays the varnish-maker has at his disposal much cheaper 
solvents, such as benzol, solvent naphtha, etc. It is cheaper in some 
cases, and, where practicable, to make an original thick solution of 
resin in these solvents and then thin down with methylated spirits or 
spirits of turpentine, gasoline, petroleum ether, etc. A saving of time 
is thus effected, as very often the resins dissolve more freely in these 
solvents than in either spirits of turpentine or alcohol. 

It has also been found advantageous in France to replace spirits 
of wine by wood spirit on account of the difference in price, or by 
amylic alcohol (rectified fusel oil), which volatilizes less rapidly, but 
few workmen who once used an amylic alcohol varnish would care 
to do so a second time. The amylic acetate, however, so much used 
as a solvent for celluloid varnishes is more pleasant. In some cases 
a complex mixture of the most varied solvents is used, of which the 
following, recommended for dissolving copal, is typical, viz. equal 
parts by volume of carbon disulphide, spirits of turpentine, benzene, 
wood spirit. But a mixture of liquids with a wide range of boiling- 
points is‘ to be avoided, unless closely allied, e.g. gasolene and 
petroleum naphtha. Otherwise mixtures of solvents of different 
boiling-points give rise to irregular, uneven evaporation with all its 
attendant evils. In fact, even if only single solvents be used to 
dissolve the resin the nature of that single solvent appreciably 
modifies the resultant varnish. A very volatile solvent makes the 
varnish have a tendency to pit or pinhole, whilst a solvent which 
evaporates slowly may need heat to volatilize it more rapidly or to 
expel the last traces ; but then the coating may be liable to scale off. 
Varnishes containing shellac are turbid owing to the presence of a 
wax natural to the resin insoluble in alcohol. But as this insoluble 
wax rather improves the varnish than otherwise, no attempt is 
made to remove it. 

Dissolving the Bcsins : Cold Process . — This simple operation is 
not always carried out very rationally. The continental authors 
dwell very much on the fastidious care with which the resins 
should be selected. They go upon the principle that if different 
samples of the same resin do not always dissolve equally readily in 
the same solvent, yet pieces of the same degree of hardness, colour, 
and brilliancy all dissolve with the same rapidity and to the same 
extent. It is thus advisable, they say, to sort out the pieces as 
received from the gum merchants according to colour, transparency, 
etc., so that solution may go on more regularly and more homogeneous 
varnish be obtained ; but this sorting or garbling is left in Britain to 
the gum cleaners, who mostly restrict themselves to simply washing 
and cleaning the gum. A spirit varnish-maker has no time for such 



336 


THE MANUFACTURE OP VARNISHES. 


fastidious minute details. He buys what suits his purpose. He 
buys on occasion copal dust, dammar dust, kauri dust, and works 
them up such as they are to the best advantage. If a parcel of resin 
did not suit him, in the language of the trade, “ he would not even 
look at it ”. Copal is not assorted, the dust rejected as unsuitable for 
oil varnishes is used. The resins are reduced to the size of a lentil or 
finer, for the finer the powder the easier does the resin dissolve ; but if 
the solvent be given too much resin to run all at once, the particles 
will agglutinate together and take longer to dissolve. Further, by 
the solution of the resin in the solvent there is formed a liquid of 
greater density than the original solvent. This is especially the 



Fio. 42. — Hand-mill for Spirit Varnish Resins. 


case with the bottom liquid in contact with or in proximity to the 
resin. This liquid ought, therefore, to be renewed by agitation, so 
as to bring fresh portions of the solvent in contact with the resin 
and keep the solution always of the same density throughout the entire 
mass. This prevents the powder from agglutinating and prevents 
solution from only going on at the bottom of the vat. The whole mass 
of effective solvent is thus able to exert its solvent action on the resin 
instead of the saturated ineffective portion at the bottom of the vat. 

When working with small quantities the necessary agitation can 
be. produced by manual labour, viz. by using a barrel as the 
dissolving vessel — driving the bung in tightly and rolling it about 
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the floor until complete solution is effected ; or if cramped for space 
a clean empty barrel may be stood on end, the other end knocked 
out, the resin and solvent added, and the whole stirred from time to 
time with a large wooden spatula. On the other hand, when work- 



Fig. 43.— Disintegmtor for crushing Resins. 

ing with larger quantities, it is better to use a mechanical agitator ; 
but with open vessels a loss of solvent by evaporation will be 
unavoidable. Tt is therefore preferable to use closed mixers in 
which the resin and solvent are continually stirred. 



Fig. 44.— Revolving Churn Exoentrio. A, churn ; B B, wooden frame ; C C O', 
horizontal shaft ; E E', inclined shaft ; F, tap for running off varnish ; G, charging 
manhole ; H, driving wheel. 

A truncated tub-shaped wooden vessel fitted with a mechanical 
agitator forms a simple mixer. But it has a great drawback, it 
being customary to leave the substance to dissolve of its own accord 
. in contact with the solvent for several hours, so as to obtain more 
rapid solution when the agitator is put in motion. Now, in working 

22 
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with some resins — shellac in particular — a thick, stiff, swollen mass 
is obtained, consisting of the undissolved gum embedded in a viscous 
saturated solution of the solvent, which, on starting the agitator, 
either breaks the blades or the shaft which carries them. 

In preference, either a cask laid horizontally (Fig. 47), supported by 
and turning on two pivots placed in the axis of length, or a cylindrical 
receiver, supported by and turning on two opposite pivots on its 
cross axis, is used. The opening by which the materials are intro- 
duced is closed by a lid, which presses against an india-rubber 



Fig. 45.— Electrically welded steel Varnish Churn. 


washer ; a wooden cross-piece, through which two bolts pass, is 
screwed up by the nuts so as to press strongly against the washer, 
and thus hermetically seal the apparatus. This arrangement is 
much better than the old method of closing by means of a screw 
stopper, as we thus avoid the encrustation in the thread of the screw, 
and on emptying the apparatus the mouth can easily be freed from 
any varnish which would solidify there. A revolving drum-shaped 
churn A (Fig. 44) may also be used, the two pivots EE of which, 
placed in the axis of length, are connected by two vertical rods DD^ 
with a horizontal shaft bent disymmetrically at the points of attach- 
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ment. As the shaft revolves each end of the cylinder occupies 
alternately the higher and then the lower position, and thus a more 
complete commingling of the contents of the churn from top to 
bottom and from end to end or side to side as it were is effected. It 
takes six to seven hours to make 40 gallons of spirit varnish whether 
agitated by hand or by a crank or by a mechanical agitator. 

The principle upon which steel barrels and drums are con- 
structed has been applied to the production of a churning machine 
for making spirit varnish. It appears that the bilge in the body of 
barrels is of practical utility when it appears in a varnish churn. 
The accompanying illustration needs but a few words of explanation 
to make the operation of the machine intelligible. Those who are 
familiar with electrically welded steel barrels and drums will quickly 
see the advantages of this mixing machine. 



■pio. 46 —Spirit Varnish-making in an English spirit varnish factory. 


The cask (Fig. 45) is curved (or “bilged ”) inside and outside like a 
wooden barrel. This is found most convenient for emptying, since 
all the material to be emptied gathers by gravity to the centre of the 
curved body. The curved form is found advantageous in the mixing, 
because, as the cask rotates, an eddy is formed in the centre of the 
barrel, which mixes the contents more effectually than would be 
the case if the barrel were cylindrical. Wooden varnish-mixers are 
often cylindrical on the inside, though curved on the outside. Ad- 
ditional strength is gained by the axle being carried right through 
the cask. The smoothness of the cask inside prevents the varnish 
accumulating in lumps, if the cask should be temporarily out of 
work. Another important feature is that all the joints, including 
those of the axle at its passage through the ends of the cask, are 
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electrically welded, so that all leakage is prevented. Naturally, a 
steel cask resists wear and tear more effectually than a wooden 
barrel. The churns may be driven by a steam engine, a gas engine, 
or an oil engine, or by an engine fed by a suction-gas plant. 

The output of varnish may be increased by applying heat to the 
steel cask, which can be done safely without injury to the cask ; 
indeed, the Casks are sometimes run in hot water for this very 



Fio. 47.— Spirit Varnish-making. 

[Photo by Mr. C. Harrison, Borough Polytechnic.] 


purpose. This increases the output of varnish in cold weather. 
These machines are made in all sizes, the smaller ones being of a 
simpler type than the one shown in the illustration. The machine 
shown has a capacity of about 530 gallons. The cask is 6 feet in 
diameter at the centre. The rack arrangement attached to it is 
intended to keep the cask in any desired position for filling or empty- 
ing ; it also adjusts the cask when rotation ceases. 
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Whatever precautions be taken in spirit varnish-making the 
varnish is always turbid, and must therefore be clarified. This is 
effected by allowing the varnish to rest quietly in large bottles or 
metallic reservoirs in a fairly warm place where there is no vibra- 
tion. The clear liquid is decanted. 

Filtration ! — But when very pale brilliant varnishes as clear as 
crystal are required they must be filtered at the outset by passing 
them through a linen filter placed in a wooden funnel fixed above 
the reservoir. When time is an object, filtration is hastened by using 



Fi,*. 48.— Steam-jftcketetl Fusion and Solution Vessel fitted with agitator driven by 
cogwheel gearing. 

narrow linen bags as filters. These bags measure about 12 inches 
broad by 30 inches deep and are enclosed in another envelope of 
coarse sacking 8 inches wide by 30 inches deep ; working thus the 
interior bag cannot swell completely with the pressure of the liquid, 
and folds are thereby formed which facilitate filtration in the begin- 
ning. Further, a greater number of these filters can be suspended 
at the exit of a special form of funnel. 

The operation is followed by the indications of a glass gauge on 
the side of the reservoir. The temperature of filtration should be 
kept at about 20^ C. (68° F.). 
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Loss of solvent occurs in filling the funnel, which loss is! accen- 
tuated by its being closed by a loosely fitting lid. Consequently the 
liquid filling the funnel thickens, filtration becomes slow, and the 



quantity of thick solution retained by the impurities causes consider- 
able loss. 

Any loss due to imperfect closing may be done away with by 



Fio. fiO.— Steam-jaoketed Solution and Fusion Vessel fitted with agitator and cog- 
's wheel gearing with automatic electrical regulators. 

using the following arrangement. The funnel (Fig. 62, T) is closed 
by a tight-fitting lid D, which is connected with the lid of the re- 
ceiver F by an india-rubber tube K. The air displaced by the 
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filtered varnish passes from the receiver F through the india-rubber 
tube K into the funnel T, and thus occupies the space vacated by the 
varnish by which it was displaced. Filtration can thus go on not- 
withstanding the fact that the apparatus is hermetically sealed. 
This arrangement is very suitable when working on the small scale, 
and with small apparatus where the funnel fits tightly into the 
receiver. 

Philippes Varnish Filter. — Fig. 61 consists of a wrought-iron 
cylinder fixed on a tripod or any other convenient support. The 
cylinder is closed at both ends by two lids fixed by bolts and nuts. 
The lower lid is perforated. In the upper lid is an entrance for the 
varnish to be filtered. This entrance may be fitted with a funnel and 
a tap as shown in Fig. 52. Another pipe is fitted up as a pressure 
pipe for compressed air, carbonic acid steam. A pressure gauge is 
fixed to the filter to control the pressure. The filtering medium con- 
sists of a more or less fine and tightly woven cloth of cotton fabric, 
copper, iron, or felt. This cloth is supported by the perforated bottom, 
and a joint is got by a special rubber washing forming between the 
cylinder and the lower lid of the filter. The varnish being run into 
the filter, the capacity of which is variable, compressed air, gas, or 
steam, as the case may be, is turned on. This pressure forces the 
varnish to flow through the filter cloth. The filtered varnish is 
collected underneath the filter, and the latter can be specially fitted 
up for the purpose. The choice of filtering medium varies with the 
nature and consistence of the varnish to be filtered. 

Simultaneous Solution and Filtration . — It has been attempted to 
dispense with agitation in making varnish by adopting an arrange- 
ment which both dissolves the resin and simultaneously filters the 
resultant varnish. Agitation prevents the finely powdered resin from 
agglutinating at the bottom of the vessel and replaces the resin- 
saturated liquid in contact with the resin by fresh quantities of the 
solvent ; or rather it prevents this saturated solution from forming 
by continually renewing the solvent in contact with the resin. A 
somewhat similar occurrence takes place when we add sugar to tea 
to sweeten it. If we do not stir the tea until we have emptied the 
cup to the bottom we might almost as well not sweeten it at all, for 
the great bulk of the sugar remains either undissolved or in the 
form of a saturated solution which prevents further solution taking 
place without agitation to diffuse the saturated solution uniformly 
through the whole volume of the liquid. Agglutination may, however, 
be prevented by isolating the particles of resin from contact with 
each other by interposition with an inert body, thus accomplish- 
ing one of the objects of agitation. The second object of agitation 
can also be effected by an arrangement based on the fact that the 
saturated solution at the bottom is denser than that at the top. By 
suspending the substance to be dissolved as near the surface of the 
solvent as may be, the solution formed by the contact of the resin 
and the solvent, on account of its greater density, sinks to the bottom 
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as soon as formed, whilst its place is taken by a less saturated por- 
tion of the solvent, which in turn falls to the bottom ; in fact, by 





Fio. 51.— Philippe’s Varqish Filter. 

taking advantage of the diffusion of liquids we are able to dispense 
with agitation altogether, and as the mixture of resin and inert sub- 
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stance has to be suspended in a bag near the surface of the liquid, 
filtration is effected at the same time. Equal parts of resin and inert 
substance are used ; the latter may be either fine washed and united 
silver sand or ground glass freed from too fine particles by sift- 
ing. This mixture is first placed in a double envelope of filter 
paper and then tightly packed in coarse muslin, and the whole finally 
placed in a linen bag which dips into the solvent. Working in this 
manner, all impurities and insoluble matter are retained in the bag ; 
moreover, the liquid retained by the impurities and the linen not 
being thickened by evaporation, the loss is thus diminished! On the 
large scale linen or muslin -lined wire baskets of a size and shape to 
suit the reservoir are used. Several folds of filter paper are placed 


Fia. 52. — Varnish filtering arrange- 
ment. F, glass receiver closed by two- 
holed cork ; /c, rubber ; r, r\ glass tubing 
connecting T with F; 1), wooden cover 
with india-rubber ring fitting tight on 
to ground rim of funnel. 



Fio. 52a. — Bag Filter. 


on the top of the muslin. The mixture of resin and inert substance 
is then placed in the basket and covered with filter paper and linen. 
The baskets are best made of galvanized iron wire. Copper wire 
should be rigidly excluded. The spirit varnishes prepared by the 
methods described are erroneously termed colourless varnishes, 
although they have often a very pronounced colour. Even when 
the palest resins are used they are of a more or less deep yellow 
tint. This tint may be removed by special treatment. Animal 
charcoal or bone-black in the form of coarse sand is the most ener- 
getic decolorizer. The phosphate is removed from the bone-black 
by treatment with acid, preferably hydrochloric acid, and after well 
washing and drying the residual carbon is fit for use. Bather 
coarse charcoal should be used, because although finer charcoal has 
a more powerful bleaching action, yet the pores of the filter are soon 
choked up and filtration almost ceases, thus causing an unnecessary 
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^ 4obs of solvent. The best arrangement consists in running the varnish 
to he decolorized into a reservoir A with a side hole B near the 
bottom closed by a cork through which a tube D with tap C passes 
which leads the varnish into a receptacle G containing the animal 
charcoal. The extreme point of this receptacle passes through the 
tight-fitting lid H of the funnel J fitted into the cork of the neck of 
the vessel destined to receive the filtered varnish ; a lateral tube L 
carries the air displaced in the receiving vessel up into the space 



Fig. 53. — Apparatus for treatment of — Internal construction of Bag 

varnish by animal charcoal followed by Oilier, For varnish purposes they are 

filtration. A, vessel containing varnish ^g^aiiy of Btyle as t'ig. 62a. 

to be filtered communicating from the top 
with receiver K, and through the bottom 
aperture B ; tap C, bent pipe D, with fun- 
nel B, containing recipient G, charged 
with animal charcoal and resting on 
supports F, F, and through tube H, with 
filtration funnel J. 

vacated by the filtered varnish in the reservoir containing the varnish 
to be decolorized. There is thus no loss of solvent during filtration. 

Colowred Spirit Varnishes ; Spirit Varnish Stains . — In the manu- 
facture of coloured varnishes the colouring matter is added to the 
finished varnish. If the colouring principle be soluble it is added in 
the state of solution, preferably in the same solvent as is used for the 
resin. These coloured varnishes are sometimes called transparent 
varnishes owing to the surface of the object remaining visible after 
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application. They are used to colour glass and are sometimes use^ 
for applying to fanlights. They ought to be very fluid, rich in colour, 
and dry rapidly to an elastic lustrous coating. The more common of 
these varnishes are generally made by dissolving shellac or sandarach, 
or a mixture of the two, in methylated spirit for dark, and bleached 
shellac for pale .colours. They are generally made of greater body 
than usual, because the colouring solution thins them down slightly 
unless an aniline dye be used, when only a very insignificant quantity 
imparts the desired tint. A much superior or more refined and 
more delicately tinted varnish, a higher class article in every way, is 
got by tinting a celluloid varnish to the desired shade. 

Spirit Varnish Enamels . — If an earth or mineral colour insoluble 
in the usual solvent used for the resin be used to colour the varnish 
the two are intimately mixed in a revolving churn — form of ball mill. 
The colour ought to be an impalpable powder, and bright lustrous var- 
nishes are preferred to those made from copal and shellac. The grind- 
ing is sometimes done with only a portion of the varnish, and it is 
afterwards thinned down with the remainder. The pigments used for 
spirit varnish enamels are very numerous, viz. lampblack, ultramarine, 
blue, chrome green, vermilionette, etc., etc. Zinc oxide should not 
be used with methylated spirit varnishes as it forms zinc resinates 
and thus decomposes the methylated spirit varnishes. For the same 
reason red-lead should not be used as it solidifies in a few days. But 
zinc oxide can very well be used in spirit varnishes with turps or white 
spirit as the solvent, as in enamels with dammar varnish as the vehicle. 

Hot Process . — To shorten the time occupied in the process of 
solution of the resin the solvent can be affected by the aid of heat. 
If the solvent be not too volatile, e.g. alcohol, the operation may be 
conducted in a glass flask, the lower half of which dips into a water- 
bath being kept in position by the usual rings. The flask must be 
shaken to hasten solution and economize solvent. In the case of 
intractable resins, e.g. copal and some kinds of Manila, the naked 
fire piust be resorted to, but great care must be taken to prevent the 
mixture taking fire. Varnishes made by the aid of heat are more 
brilliant, but they are darker, and do not bind so well as those made 
in the cold. To prevent loss of very volatile solvents, Andes uses a 
cylindrical digester with a diameter about equal to its height, en- 
amelled inside, resting upon a tripod placed in a water-bath K, which 
narrows at the top so as to catch hold of the digester ; the mouth of 
the digester is provided with a flange S, to which the lid is fastened by 
bolts, and only after the previous insertion of an india-rubber or leather 
washer. A shaft carrying a mechanical agitator E passes through the 
lid, and a tube AB carries the evolved vapours to a condenser F placed 
above the digester in such a manner that the condensed solvent falls 
back into the digester. With spirits of turpentine, coal-tar naphtha, 
or petroleum spirit the water in the bath is heated to boiling ; in the 
case of chloroform, carbon disulphide, and wood-spirit the heat 
should not exceed 5(f G., whilst in the case of ether and petroleum 
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ether and gasoline 40^ G. should not be exceeded, care being taken 
at the same time to add a little ice to the condensed water to ensure 
complete condensation. This plant can also be used to thicken 
spirit varnish by collecting the condensed solvent apart instead of 
returning it to the digester. When working on the large scale, and 
also when using very volatile solvents, regular extraction plant may 
be employed similar to that used for fat extraction by solvents on 
the larger scale, consisting, for instance, of three large canisters one 
above the other. The solvent is heated in the first canister, the 
evolved vapours led to the top canister where they are condensed, 
the condensed liquid running down into the middle canister in which 
the resin to be dissolved is placed ; finally the solution runs back into 
the first canister, where the solvent again distilled off reascends to 
the top canister to be again condensed and falls into the middle one, 
and so on until complete solution is effected. The advantage of the 
plant is that large quantities of very intractable resins may be dis- 
solved with a minimum of solvent. Its compactness also enhances 
its value. Plant working on the same principle as that shown in 
Vol. II of this treatise (p. 25), may also be advantageously employed 
in the case of copal and amber. In that case the resin is fused be- 
fore extracting it with turpentine. There is no loss of solvent. 

TABLE XCV.— CLASSIFICATION OF SPIRIT VARNISHES ACCORDING TO 
PREDOMINANT RESIN AND SPECIAL USB. 


VarniHh. 

Specially adapted for 

Amber . 

Metals, photography, bookbinding. 

Copal (fused) 

Bookbinding. 

„ (soft) . 

Interior decoration. 

Dammar 

Interior decoration, and objects not much handled. 

Shellac 

Articles subject to wear and tear, toys, leather, cardboard, 
blackboards, french polish. 

„ bleached . 

Colourless varnishes. 

Mastic . 

Toys and turned articles, pictures, cardboard, golden lacquer. 

Sandarach . 

Pounce cabinet work, water-colours, visiting cards, var- 
nish to be used to thin down colours, golden lacquer, 
white spirit varnish, wood-carving, metal plate work. 


photographic negatives. 

Rosin, etc. . 

Poor quality picture varnish, etc. 

Asphaltum . 

Varnish to be used as a vehicle for colours, metals. 

Flexible articles, electrical insulation, photographic negatives, 

Caontchouc v 

Ontta-percha f\ 

waterproof varnishes. 

Cellnloid 

Coloured varnishes and for same purposes as india-rubber 
and gutt i-peroha varnishes. 


Storing of Spirit Varnish . — Spirit varnish must be stored in air- 
tight vessels constructed of a material that will not darken the 
colour of the varnish. 




CHAPTER XXII. 

AMBER, ASPHALTUM, COLLODION AND CELLULOID VARNISHES. 


I. Amber Spirit Varnishes . — As seen in Volume II, amber is in- 
soluble in all varnish solvents until after previous and appropriate 
fusion. But amber so fused (it must be kept in fusion until it has 
lost about 20 per cent of its weight) is much softer than natural 
amber. The resulting varnish is therefore somewhat tacky. Fused 
amber, or pyrosuccin, is never used alone in varnish-making, except 
in the case of photographic varnish, where its transparency and re- 
sistance recommend it. The usual solvent in that case is chloroform. 
Sometimes 22 parts of fused amber are dissolved in 14 parts of 
spirits of turpentine, but that varnish dries much more slowly. In 
many cases the fused amber is associated with a resin which will 
impart elasticity to the varnish. For example, 10 to 15 Ih. of fused 
amber are dissolved in 15 lb. of spirits of turpentine according to 
the quality of the amber, and 1 lb. of Venice turpentine added. In 
ordinary spirit varnish sandarach is added, but the varnish is more 
brittle. The addition of mastic, eVemi, or Venetian turpentine gives 
more elastic varnishes. The following formula is in very general 
use : Fused amber 4 lb., sandarach 4 to 6 lb., mastic 1 lb., 
Venetian turpentine 1 lb., methylated spirit 1| to 3 gallons, accord- 
ing to whether a dark or pale varnish is required. Often a little 
camphor, say ^ lb., is added to facilitate solution. 

II. Asphaitum Spirit Varnishes . — The best solvent for asphaltum 
is spirits of turpentine, and the best asphaltum is Syrian asphaltum. 
Coal-tar naphtha (solvent naphtha) may replace the spirits of turpen- 
tine, and the Syrian asphaltum may be replaced by a less costly 
pitch, stearine pitch, bone pitch. The coat produced by a pure as- 
phaltum varnish if brilliant is brittle. Elasticity may be imparted 
to it by gum thus, or if cost is no object, by elemi or copaiba 
balsam or by a small quantity of a solution of india-rubber in coal- 
tar naphtha ; by adding a very small quantity of castor oil a slower- 
drying varnish is obtained, but much more flexible. It is advisable 
to add two gallons spirits of turpentine to every owt. of asphaltum to 
be fused so as to hasten the fusion. Asphaltum could very well be 
dissolved in a suitable solvent, say turps, in a revolving cask or barrel 
resting on trunnions, along with, say, 26 per cent of rosin and 6 peif 
cent of manganese resinate previously fused and dissolved in turps. 
But independent of the fact that a special revolving barrel would 
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have to be kept for this purpose alone, there is another drawback 
incidental to this style of working. All the water in the asphaltum, 
resins, etc., goes into the varnish, causing it to lose its lustre 
and become dry, dull, and unsatisfactory. Cheaper varnishes are 
made by dissolving 4 lb. of coal-tar and 2 lb. of Stockholm tar in 
1 gallon of coal-tar naphtha. Asphaltum or other pitch may be re- 
placed by rosin, without, however, going beyond one-half the quantity 
of asphaltum usually employed. 

TABLE XCVL— MIXED ASPHALTUM SPIRIT VARNISHES. 



lb. 

lb. 

lb. 

lb. 

lb. 

Rosin 

5 

10 

7 

5 

5 

Asphaltum 

16 

10 

13 

15 

10 

Spirits of turpentine 

U 

H2 

32 

— 

— 

Benzol 

— 

— 

— 

30 

32 


Manufacture of Asphaltum Varnish. — Fuse together 50 lb. of 
finely powdered asphaltum and 25 lb. of rosin over a gentle fire, 
and add oil of turpentine to a consistency fit for the brush. In the 
meantime dissolve 100 lb. Manila copal, 100 lb. sandarach, and 
50 lb. mastic in 1500 lb. of spirit. Mix the solution with some 
Venice turpentine, and add to the still hot asphaltum rosin mixture. 
Allow the whole to cool, and thin then with turpentine if necessary. 
The surfaces on which the varnish is to be applied must be perfectly 
clean and dry. The vaimish should be applied to warm surfaces in 
a warm room. 

Photographer' s Asphaltum Varnish for Etching. — Asphaltum of 
Judea 8 lb., yellow wax 13 lb., benzol 15 lb. Dissolve and filter, 
decant on settling. The above solution is so limpid that it is used 
with albumen thinned with collodion and dries very strongly. 

Varnish for Engraving mi Glass : (1) Winter. — Dissolve 5 oz. of 
asphaltum in 100 fluid oz. of a mixture in the ratio of benzine 2 
fluid oz., chloroform 1 fluid oz. (2) Summer. — Dissolve 6 oz. of 
asphaltum in 100 fluid oz. of a mixture in the ratio of chloroform 1 
fluid oz., benzene 3 fluid oz. (3) Another formula : Dissolve 5 oz. 
of asphaltum in 100 fluid oz. of a mixture in the ratio of benzine 9 
fluid oz., asphaltum 1 fluid oz. (4) Benzine 100 fluid oz., essence 
of lemon 10 fluid oz., asphaltum 5 oz., or (5) benzine 100 fluid oz., 
essence of lemon 10 fluid oz., asphaltum of Judea 6 oz., rectified 
spirits of turpentine 40 fluid oz. 

Mordant for Etching on Glass. — Spirits of turpentine 100 fluid 
oz., paraffin 15 fluid oz., rosin 5 oz., white wax 5 oz. 

Resist Varnish for Etching on Glass in an Acid-bath. — Asphaltum 
20 oz., spirits of turpentine 60 oz., white spirit 40 oz., or paraffin 
wax 40 oz., yellow wax 40 oz., vaseline 20 oz. Applied by heating 
the whole plate to a sufficient temperature by a sufficient number of 
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lamps to heat it uniformly all over. The following liquid varnish can 
be applied by the brush : Spirits of turpentine 100 oz., spermaoetio 
10 oz., paraffin wax 15 oz., bitumen of Judea 10 oz. 

Asphalttm Varnish for Wooden Vessels . — Two hundred parts of 
asphaltum are dissolved in 900-1000 parts of turps at moderate heat, 
and followed by 100 parts of elemi, 100 of yellow wax, and 100 of 
Venice turpentine, the whole being gently boiled for a quarter to half 
an hour, and strained through a cloth when cold. 


TABLE XCVIII.— ETCHING GROUNDS. 


Wax 

30 

38 

30 

Asphaltum 

80 

80 

80 

Rosin 

15 

— 

— 

Yellow pitch 

7 

30 

16 

Turpentine 

— 

15 

— 

Black pitch 


— 

16 


TABLE XCIX.— ETCHING GROUNDS. 


Asphaltum 

50 

100 

100 

5 

4 

Wax 

5 

— 

— 

r> 

8-12 

Stearic acid 

— 

— 

. 

6 

— 

Yellow wax 

— 

20 

10 

— 

— 

Dammar varnish .... 

15 

— 

10 

— 

— 

Mastic 

— 

— 





l‘5-6 

Potassium bicarbonate . 

5 

— 

5 

— 

— 

Sodium carbonate .... 

— 

— 

— 

2 

— 

Rosin 

— 

15 

15 

..... 

2 

Tallow 

— 

— 

— 

— 

0*4-1 

Venice turpentine .... 

— 

15 

— 

— 

— 

Black varnish 

— 

5 

— 

— 

1 


1. A Varnish claimed to protect Iron from Hydrochloric Acid , — 
Seven and a half lb. asphaltum, 5 lb. rosin, i gallon rosin oil. 

2. Varnish for Microscopic Work . — Linseed oil 22^ oz., asphaltum 
40 oz., turps 80 oz, 

3. Surface Varnish for Etching . — Chloroform 200 oz., mastic 
5 oz., asphaltum 10 oz., benzol 300 oz., paraffin wax 2 oz. 

III. Collodion Varnishes . — Collodion or pyroxylin varnishes are 
very extensively employed and for very varied purposes. The more 
so as a great flexibility may be imparted to it by the addition of 2 
parts of castor-oil. The solvent usually employed is the mixture of 
alcohol and ether : 1 lb. of collodion in 3 lb. of alcohol and 18 lb. 
of ether. For photographic purposes 1 lb. of collodion is dissolved 
in 1 lb. of alcohol and 1^ lb. of ether. 

The addition of 25 per cent of carbon disulphide or benzol 
produces products of different colour and brilliancy. 

The collodion ought to be perfectly dry, and to effect this it is 
]^laced underneath a bell-jar over sulphuric acid for about forty- 
eight hours. The solvents if miscible with water should be 
dehydrated. 
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^jampnor lo me exient of even 50 per cent is often added to the 
collodion. The mixture of alcohol and ether is often replaced by 
other liquids, such as acetone, wood-spirit, amyl acetate. 

Acetone yields opaque varnishes analogous to that obtained by 
adding camphor ; wood-spirit has the same effect when it containa 
acetone in appreciable quantity. 

When acetate of amyl is used, in which collodion dissolves very 
easily, a bright colourless transparent varnish is obtained ; moreover, 
the coating is much more malleable than that yielded by the ordinary 
solution. This is how the varnish so widely known under the name 
of “ zapon " is made. “ Zapon ” spreads evenly over glass and gives 
a more homogeneous coating than other collodion varnishes ; on the 
other hand, it dries more slowly owing to the high boiling-point of 
the amyl acetate. 

Valenta proceeds as follows : 150 parts of nitro-cellulose are 
dissolved in 1000 parts of acetone, and there is then added 2000 parts 
of acetate of amyl and 2000 parts of benzine : the solution is clarified 
by decantation and filtration. This varnish yields a supple adherent 
coating which does not shell off. Finally, it has been proposed to 
impart to wood a coating of collodfon varnish, i.e. to prime it with 
collodion and then to cover this coat which has filled up the pores 
of the wood with different varnishes which then become very lustrous, 
thanks to the layer of collodion, without either requiring rubbing or 
polishing. 

It is also with collodion that the numerous compositions, known 
as “ non-oxidizable bronzes,” are prepared, thus : 5 parts of collodion 
are dissolved in 95 parts of acetyl acetic ether, and 25 parts of 
powdered bronze are then ground up in this solution ; then to 
hinder the decomposition of the nitrated product 25 parts of dammar 
are dissolved in 75 parts of acetate of amyl. 

TABLE C.— HALLE’S COLLODION VARNISH. 

Ainyl acetate 4 gals. 

Benzol 4 „ 

Pyroxyline 2^ lb. 

Farner dissolves nitro-cellulose in a mixture of amyl acetate 
and amyl alcohol. 


TABLE CL— EARNER’S NITRO CELLULOSE VARNISH. 



I. 

11 . 


lb. 

lb. 

Nitro-cellulose 

. 100 

100 

Amyl acetate 

. 160 

400 

Amyl alcohol 

. 160 

400 


Elastic Varnish for covering the layer of collodion of the 
pbisitive on glass in photography applied to curved surfaces, cameos, 
cups, saucers, etc. : Chloroform 30 oz., gutta-percha 1 oz. 

Collodion Varnish for Negatives . — Ether of 62® B. 60 o* ^ 

23 ‘ 
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alcohol of 40" B. 30 oz., pyroxyline 2 oz. If the size small, ether 
100, 90 per cent alcohol 100, nitro-cellulose 3. 

Semitized Collodion . — Alcohol 40° B. 50 oz., ether of 62° B. 50 
oz., nitro-cellulose 1, cadmum iodide 0*5, ammonium iodide 0*5, 
cadmum bromide 0*25. 

IV. Celluloid Varnishes are colourless, brilliant, adherent, do not 
crack nor rupture, and may easily be coloured by running in, whilst 
stirring, solutions of aniline dyes in very strong alcohol. They 
thus possess all the admirable qualities desired in a varnish, and 
may be rendered very elastic and more adheient by adding an oil 
soluble in the usual celluloid solvents, e.g. castor-oil. They thus 
find an ever-extending use as paper varnishes and for use on all the 
various articles in which lustre, durability, and transparency are re- 
quisite. They are more tough than collodion varnishes, and even 
a thick coat does not shell off, whilst collodion varnishes have to be 
applied in thin layers. Coats of celluloid varnish as thick as J of 
an inch are quite brilliant and adherent. The celluloid should be 
dried perfectly before attempting to dissolve it by placing it in, say, a 
^bell-jar over concentrated sulphuric acid. The solvents if miscible 
with water should he dehydrated. Celluloid requiresthe same solvents 
as collodion, viz. (1) a mixture of alcohol and ether, or (2) pure 
acetone, or (3) acetone and amylic alcohol, so that the varnish may 
dry more slowly, or (4) amyl acetate which gives a varnish like 
zapon. Amyl acetate if costly gives fine clear solutions of nitro- 
cellulose, but it dries slowly. If a mixture of amyl acetate and 
acetone be used “photographer’s crystal varnish” results, which, 
applied cold, gives a transparent coat. By adding a little of a varnish 
resin a more dull layer is got better able to support retouching. Wood- 
spirit is cheap, and containing both methyl alcohol and acetone is 
a useful solvent. In applying celluloid varnish on collodion a few 
drops of water are added to the varnish to prevent it from dissolv- 
ing the layer of collodion. 

The following is claimed by a German writer as the best method 
of preparation ; Chop thin sheets of celluloid, which are now procumble 
everywhere, into small pieces. Then put them into a large vessel with 
a mixture of methylated spirit, with quarterof its volume of ether, close 
the vessel airtight, and allow to macerate for a few days, shaking 
several times daily. The celluloid first swells up, and finally dissolves 
to a colourless liquid, which may be obtained of any consistency 
from a thick syrup downwards by regulating the quantity of solvent. 
The varnish is applied in thin coats with a wide brush. It is an 
excellent application for fabrics, as it not only waterproofs them but 
gives them a high degree of lustre. It even improves the lustre of 
silk. The varnish is also used with great advantage on wax-cloth, 
leather, or linoleum. The retention of the elasticity depends upon 
the very slow rate at which the camphor evaporates from the varnish 
coats, but if a little castor-oil or other non-drying oil is mixed with 
the* varnish before use, the oil will preserve the elasticity even after 
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the camphor has all departed, and nothing is left of the original 
celluloid but the brittle nitro-cellulose. It is obvious that enough oil 
to prevent the varnish from drying is inadmissible. Of castor oil 
2 per cent reckoned on the volume of the whole varnish is about the 
right amount. Celluloid varnishes are not inferior to the best copal 
varnishes, and much cheaper. They can be dyed any desired colour 
with aniline dyes. 

The following method is said to be in use in France : Instead 
of rolling and drying the celluloid slowly the moist mass is run into 
an airtight vessel from which the air is exhausted by an air-pump 
so that the alcohol and excess of camphor evaporate rapidly and 
leave the celluloid in a spongy condition and so prevent collapse into 
a compact condition. Formula . — Spongy celluloid 100 lb., pure 
acetic ether 200 lb., sulphuric ether 25 lb., castor oil 5 to 10 lb., 
spirits of turpentine 15 to 25 lb., methylated spirits 75 lb., amyl acetate 
1 lb., glacial acetic acid 20 lb. The acetic ether and acetic acid, are 
mixed together, and after a time the celluloid is added. The mixture 
is agitated for six hours with fifteen minutes interval every hour. 
After a further six hours the sulphuric ether is added followed by the « 
castor oil dissolved in a portion of the alcohol, the whole shaken up 
until completely mixed. The oil of turpentine, amyl acetate, and re- 
mainder of the alcohol are incorporated in turn, the order named 
being essential to success. The acetic acid and amyl acetate im- 
prove adhesion on undried articles, and the varnish is far richer in 
celluloid than those prepared in the ordinary way with greater resist- 
ance to acids and atmospheric influences. The articles to be coated 
must be gently warmed or the film will not look well, but it may be 
adapted fof cold application by increasing the acetic acid by 40 lb, 
and the amyl acetate by 30 lb. 

Waterproof Xitro-Gollnlose Vanish. — Kraemer and Van Elsberg 
make a waterproof varnish for paper by dissolving 100 parts of 
nitro-cellulose in a mixture of 450 parts of alcohol and 350 parts of 
acetone, the solution being then mixed with 60 parts of dichlorhydrin 
and 25 to 30 parts of plastal (ethers and amido derivatives of 
aromatic sul phonic acids). The product is applied to the surface of 
the material (e.g. paper) to be coated, and after being left a short 
time to dry, is subjected to moderate pressure under plates to impart 
a gloss. 

Uninflammable Glaze for Paper, etc . — A preparation possessing 
the same gloss as stoved enamel and celluloid, but free from the in- 
flammability of the latter, is manufactured by L. Degorce from the 
following ingredients : Alcohol 80 c.c. commercial photographic 
collodion 20 grammes, shellac 100 grammes, the latter being the 
essential component, whilst the alcohol acts as solvent and the 
collodion as adhesive. The resulting viscous liquid is applied to a 
sheet of glass of the same dimensions (width at least) of the paper 
or fabric to be coated. The latter is first surfaced with an adhesive 
of the following composition : Water 1000 c.c., glycerine 5 c.c., 
shellac 30 grammss, borax 40 grammes, formalin 2 c.c. Thus pre- 
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pared the paper or fabric is laid face downward on the layer of com- 
position on the glass, and is rubbed or rolled into contact with same. 
After having been left long enough to become dry, the paper, etc., is 
detached from the glass by the ordinary means, and will be found 
coated with the glaze. An addition of 100 grammes of gelatine can 
be made to the adhesive. 


TABLE CIL— CELLULOID VAHNIHH (TESCHENSCHNER). 


Pyroxyline . 
Bomcic acid 
Bosin . 
Colouring . 
Ether alcohol 


3-4 lb. 

1 « 

S .'S „ 

50 „ in alcohol. 
100 „ 


TABLE CIIL— NOBEL’S MIXED SOLVENTS FOR CELLULOID VARNISHES. 


. i Nitroouinol . 

( Mononitronaphthaline . 

{ Niti*ocymene . 

Nitrotoluol . 
Mononitronaphthaline . 

C Bromocamphor 
D Chloro or bromonitrotoluol 
E Chloro or bromonitrocamphoi 


Parts. 

5 f Nitrated roain soap oil 

3 F ’[ Nitrocumol . 

1 ' Mononitronaphthaline 

1 I Bromonitrotoluol . 

1 ^ I Mononitronaphthaline 

^ '[ Nitrocumol . 

I Nitrated rosin soap oil 


TABLE CIV.—FORMULA FOR CELLULOID VARNISHES. 


Parts. 

1 

1 

1 

1 

1 

2 

2 


i 


! 


Celluloid . 

Amyl acetate 
Acetone 

Ether (suip. moth.) 

Camphor 

Alcohol 


1 1- 

II. ; 

111. 

IV. 

V. 

! lb. 

lb. 

lb. 

lb. 

lb. 

’. .’ . 6 ' 

■ 

10 

5 



5 

1 

6 

: . . . . ! 10 

30 

— 

50 

25 

. 16 

30 

— 

— 

25 

; 16 

30 

— 

— 

— 

; — 

4 

5 

— 

— 

j ”* 


j 50 





Pollock has patented a nitro-cellulose varnish which when de- 
posited on any object forms, he claims, a coating of more or less 
thickness, analogous to a skin, which is absolutely impermeable and 
is not apt to scale off oi* be deteriorated by the influence of the 
atmosphere or of water. He claims this product will replace 
advantageously the varnishes now in use in painting, marine work, 
coach-building, railways, shop fronts, etc. 

It is composed of the following ingredients 

TABLE CV.— POLLOCK’S CELLULOID VARNISH. 


Acetone 
Acetic et^er 
Sulphuric ether 
Camphor . 

Gum lac . 

Nitro-celluloBe 

Nitrated paper (diesolveddn sulphuric ether) 
Mastic in drops . 


800 parts by weight. 
100 
50 
100 
50 
200 
100 
100 


1000 grammes. 
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These proportions are not absolute, and may be varied accord- 
ing to their applications. The paper is first dissolved in sufficient 
sulphuric ether for that purpose without application of heat, after 
having been broken up by means of any appropriate apparatus. The 
cotton is dissolved in the same manner in the acetone, then all the 
other materials mentioned above are mixed with these two solutions 
in the same vat and well mingled by means of a stirring-rod. The 
product so obtained is applied in the same way as other varnishes, 
usually by means of a brush, upon the object to be protected, and 
forms a ti’ue pellicle or protecting skin, which will not crack or peel 
off, and which is absolutely impermeable. Pollock claims this 
varnish protects against humidity, whether the object be of wood, 
metal, or other material. 

Coloured Celluloid Varnishes . — These are much in request for 
picturesque scenic illumination, for the bulbs of incandescent lamps, 
illumination bucket lamps, limelight and stained glass displays, foil 
papers, metallic capsules, artificial flowers, tin and metal work decora- 
tion generally. The basis varnish consists of : 24 lb. amyl acetate, 
lb. acetone, 4 lb. methylated spirit, 18 ox. celluloid chips. 

Method . — Pour the acetone over the celluloid chips in a large 
jar, and bung down closely, as acetone is very volatile. After a few 
days complete solution is effected, and a clear jelly-like mass results ; 
this is then diluted with the amyl acetate, and then the spirit is 
stirred in, the colouring matters having been dissolved previously in 
the latter. The solution is then strained. 

In the making of enamel for steel, 4 oz. extra celluloid are 
necessary to bind the metallic powders, and this one may be made 
to serve a double purpose by being put up as an aluminium cycle 
enamel. The varieties and quantities of colouring are as follows : 


TABIjK C VI.— COAL-TAR COLOURS FOR CELLULOID VARNISHES. 


H 

H 

4 

1 

2 

4 


Amber 
Orange 
Scarlet 
Yellow 
Mauve 
Stage blue 
Ruby 
Mosh green 4 
Pale brown 
Deep blue 4j 
„ rose » 
Pale green 
Dark brown 4j 
Rose pink 
Gold 2 
Deep green 4 


4 oz. spirit amber. 


It ’ is 


orange 13277. 
scarlet R. 
yellow M. 
heliotrope 3 R.C. 
blue B.V. 
ruby. 

moss green 13196, 
brown A. 
dark blue. 

„ rose (rose Bengal), 
grass green 9366. 
brown 13166. 
rose Bengal, 
gold Y.C.B. 
dark green. 

Steel 6 lb. aluminium “ bronze,” 2 lb. silver do. 

Navy blue 3^ oz. spirit dark blue. 

Fire red 44 „ „ poppy 13023. 

Petunia 2i ,. „ violet 8 B.C. 

much the best to make each colour separately in this 
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manner than by appropriate mixtures of the primary colours, owing 
to the difficulty of getting the mixed anilines to blend perfectly in 
the varnish. 

Dead Black CeUuloid Varnish for Wood . — A cheap and excellent 
dead black can be given to wood by the following process : The wood 
is planed and then glass-papered until all marks left by the plane- 
iron are obliterated, and the surface is left as flat and uniform as 
possible. It is then stained with a solution of nigrosine in about 
75 times its weight of methylated spirit or Avood-spirit. Two applica- 
tions of this are necessary to give a good backing to the black 
varnish afterwards applied, and the first coat of nigrosine must dry 
thoroughly before the second is put on. Each application of stain 
must be followed by sand-papering to retain the smoothness of the 
surface. The stain is put on with a sponge or a brush according to 

the extent of surface to be covered. When the last coat of stain is 

ready a black varnish is applied warm (at about 25“ C., equal to 

77“ F.). The varnish is made from the following recipe : Soften 

30 oz. of celluloid in 60 oz. of very strong alcohol. Then dissolve 
in 675 oz. of acetate of amyl, and colour the filtered solution with 
4 oz. of nigrosii>e and 15 oz. of lampblack. The lampblack must 
be rubbed up separately with a portion of the solution, which is then 
mixed with the rest. This varnish is applied, always in one direc- 
tion, by means of a brush. If the wood has been properly primed 
Avith stain two coats will be sufficient. 

Universal Bronze Lacquer . — Equally suitable for boots and leather 
goods as for ai^plication on iron, stone, glass, paper, cloth, and other 
surfaces. The inexperienced should note before making this liquid 
that it does not give a yellowish bronze like gold paint, but a darkish 
iridescent one, and is a pleasing variation in aids to home decoration. 
Some pretty effects are obtained by using a little phloxine instead 
of part of the violet aniline, or phloxine alone will produce a rich 
reddish bronze, and a lustrous peacock green is obtained with 
brilliant green crystals. Quantities : 1 gallon flexile methylated 
collodion, I lb. methyl violet. Mix, stand away for a feA\^ days 
to allow the methyl violet to dissolve, and stir frequently, taking 
care to bung down securely as the collodion is a volatile liquid, then 
strain and bottle off. It is applied with a brush, dries rapidly, and 
does not rub off or peel. 

Transparent celluloid chips or waste cuttings may be readily 
obtained of most makers of nitro-cellulose compounds, the price 
usually being tenpence a pound, but, naturally, this will vary with 
the quantity taken. 



CHAPTER XXIII. 


COPAL AND DAMMAll SPIRIT VARNISHES. 

V. Copal Spirit Varnishes, Valuation of Copal . — Copals are still 
always tested superficially and by physical methods. The value of 
copal is estimated simply by sieving it, and noting the relative pro- 
portions of large pieces, small pieces, and dust. The dust is inferior. 
But as copals are expensive, the small pieces and dust must he used, 
although impurities give much trouble in doing so. They contain 
plant debris, humus, clay, sand, bits of limestone, etc. The vegetable 
impurities are specially injurious in copal-running, as the heat 
carbonizes them, and makes the copal nearly black, a colour practi- 
cally impossible to eliminate. Hence the copal is washed, to separ- 
ate them. The dust is blocked or fused into lumps for use. 

Impurities in small copal and copal dusts vary from ^ to 50 per 
cent. Organic impurities rarely exceed 5 per cent with an average 
of 4 to ‘2| per cent. The large impurities are sand and earth. The 
practice of packing copal in bags causes much breakage and powder- 
ing in transit, and contamination with textile fibres from the bags. 

As solvents for copal, in tbe determination of the impurities, 
ordinary spirit (96 per cent strength), propyl, butyl, and amyl 
alcohols, and the acetates (especially amyl acetate), oil of turpentine, 
oil of camphor, and ether, are all employed. The best solvents 
have the highest molecular weights. The best of all is amyl acetate, 
especially when free from water, and mixed with amyl alcohol, and 
nearly absolute ethyl alcohol. The best proportions are 20 to 25 
oz. of amyl acetate, 40 to 50 oz. of amyl alcohol, and 25 to 40 oz. 
of high strength alcohol. Hot solutions of copal hardly admit of 
filtration, and an excess of solvent dissolves the copals less perfectly 
than the necessary amount. A concentrated copal solution is often 
precijutated by adding more of the solvent. The solutions may, 
however, generally he thinned with ether, so as to be just filterable. 
Another advantage of using as little solvent as possible is that the 
concentrated solution of the soluble resins acts as a solvent of the 
ones insoluble in the solvent used, so that they can be got into 
solution in this and in no other way. The same action is exerted on 
the insoluble constituents of copal by solutions of other resins. 
They are, for example, dissolved by a 10 to 20 per cent solution of 
rosin, and that solution is largely used for dissolving copals in the 
manufacture of linoleum and varnishes, and gives a more fluid and 
manageable solution than can otherwise be obtained. 
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To aid the tedious and often impossible task of filtering solutions 
of copal, it is best to keep them warm and allow them to settle, after- 
wards decanting the clear liquid. The harder and less weathered, 
i.e. the better a copal is, the more difficult it is to dissolve it, and 
the thicker and more gelatinous the solution is. The following 
process of testing is simple, cheap, and I'apid, gives reliable results, 
and can be easily carried out in any works laboratoVy : — 

Take a thin deep beaker holding about 4 oz., and tare it 
together with a glass rod. Then put into it 10 grammes of the 
copal, in the finest possible powder. Then add 50 c.c. of the above- 
mentioned mixture of amyl acetate, amyl alcohol, and spirit, and stir 
all the time with the glass rod to prevent the formation of any 
lumps. Then put the beaker on a water-bath and boil up its con- 
tents with constant stirring. Then cover up and allow to digest, 
with occasional stirring, for from thirty to sixty minutes. When all 
the copal is dissolved, i.e. when the iindissolved residue is entirely 
loose, and shows no tendency to clot together, and when the glass 
rod is free from adhering resin, the clear solution is carefully de- 
canted into a larger beaker. Rinse the insoluble residue two or 
three times with the solvent, and add the washings after settling to 
the clear solution. The solution is evaporated down and the residue 
weighed, the result being checketl by weighing the insoluble residue, 
which consists of the impurities present in the copal. 

HoUtbility of Copal , — The solubility of copals, generally, is sum- 
marized on pp. 46, 47 of Vol. IT, and that of each copal under 
its own heading. The data given in Table XIV, and in Table on p. 
202 of this treatise, Vol. II, are negative results, that is to say, 
Coffignier, in his data as to the solvent action of various volatile 
solvents on resins, unfortunately has chosen to give his results, 
in a negative form, so that his tables, instead of showing the degree 
of solubility in a positive manner, are tables of degree of insolubility. 
It is unnecessary here again to go over the same ground anep> such 
oil-varnish resins as are used in spirit varnish-making except to 
supplement what has been said in Vol. II, and to recapitulate one 
or two important points. 

Attempts have been made to dissolve copal by two different 
solvents, so as to dissolve one part of the resin in one solvent, say, 
in methyl alcohol, and another portion of the resin in the second 
solvent, say, in acetone, by aid of heat and pressure. It has long 
been known that the vapour of camphoretted alcohol, etc., dissolves 
copal. Camphoretted ether (1 in 12) is a good solvent for both copal 
and pyro-copal. Another method depends on the fractional addition 
of alcohol. If warm alcohol be added in small portions at a time to 
the syrup obtained by warming copal in ether, many kinds, such as 
white and red Angola, kauri, and Manila are completely or, in 
great part, dissolved. By adding ^ per cent of sulphuric acid to 
alcohol an important addition to its solvent capacity is imparted. 
Formerly the benzol mixture, equal parts by volume of spirits of 
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turpentine, carbon disulphide, benzol, was prescribed as a mixed 
solvent for copal, but only some copals dissolve therein to any great 
extent, such as Congo, white Angola, and Manila copal, and the 
solution is turbid. In the presence of chloral hydrate the solubility 
of copal is greatly enhanced. Manila copal is to a great, extent 
soluble in an 80 per cent chloral hydrate solution and kauri copal 
partly so. 

If hard copals as a class be insoluble in alcohol, unless previously 
fused so as to lose by partial destructive distillation a certain per- 
centage of their weight, varying not only with each class of resin, 
but with different samples of any given variety, yet, medium and 
soft copals dissolve, fairly freely, in their original raw condition, 
yielding pale, non -tacky varnishes. The softer the copal, the more 
readily does it dissolve. Manila and Borneo copals yield pale solu- 
tions with methylated spirit, which clarify quickly and leave, on 
application to a suitably prepared surface, a brilliant coat, but one 
apt none the less, more especially in the case of Manila copal, to 
“string” most inconveniently before drying. The coat can, in fact, 
before it is quite dry, be flayed off* the surface on which it is applied 
like the young bark from the new shoots of a tree. Benguela, 
Angola, and Sierra Leone copal varnishes are not quite so bright 
because they require more alcohol (methylated spirit) to bring them 
into a state of solution. 

This stringiness of Manila copal prevents it replacing shellac in 
French polish and debars it as an ingredient of polishing varnishes. 
According to Baringer, it has hitherto been impracticable to use 
relatively cheap resins like Manila copal and sandarach in place of 
the more expensive shellac for cabinetmakers’ polish, because, even 
at the ordinary temperature, these resins combine with the oil used 
and form a sticky, greasy mass which prevents their being uniformly 
distributed over the surface to be polished in such an extremely fine 
state of diviskm as can be done by adding a small quantity of oil to 
the alcoholic solution of shellac. He proposes, however, to over- 
come this difliculty by converting the resin in question into a con- 
dition in which they are insoluble in oil, so that they will then 
behave like shellac, and will polish with as small a quantity of oil as 
is needed for the latter. The treatment consists in intimately mix- 
ing the Manila copal, sandarach, or other resin soluble in alcohol, 
with 1 to 6 per cent of a fatty oil, and gently heating the mixture till 
it is sufficiently thickened. In this state it is maintained at the same 
temperature, with constant stirring, for half to one hour. This, says 
Baringer, makes the resins insoluble in oil, so that, after the solvent 
spirit has evaporated there remains a hard and non-tacky layer of 
varnish. But Baringer has hardly grasped the point. Manila copal 
is simply thrown out of its solution in the spirit varnish by the oil 
a stringy mass. Whether his treatment, founded on a wrong 
"principle entirely, is effectual is somewhat dubious ; the solubility of 
Manila copal is creator in an alcoholic solution of rosin than it is in 
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pure alcohol, and that is the basis to work upon to stop stringiness, 
and the wrong principle of mixed solvents is well brought out in the 
case of Manila. When one of the solvents which keep the resin in 
solution by the mutual solvent action of itself and the other solvents 
is evaporated, the resin in the coat of varnish falls out of solution, the 
remaining solvents separate out from the resin and leave it to dry as a 
tacky, irregular layer, full of waves, sinuosities and punctuations. To 
touch it before it has dried thoroughly spells disaster from the stringi- 
ness of the coat. Mixed solvents, even when the resin dissolved is 
soluble in each, cause the varnish to dry irregularly from very obvi- 
ous causes. For equally obvious causes the varnish dries still more 
imperfectly when the resin dissolved is soluble in neither of the 
component solvents but only in the mixture thereof. 

If the tendency to string is not equally highly developed, yet 
neither do different samples of Borneo and Manila copals all dis- 
solve equally freely. They often form in the varnish-making vessel a 
viscous mass which strings strongly and only dissolves but very slow’ly 
and very partially, always leaving a bulky insoluble residue. These 
kinds should not be bought, at any rate for spirit varnish purposes. 
The solubility in ordinary methylated spirit of any Manila copal in- 
tended to be used in spirit varnish-making, and its greater or less 
tendency to string on drying, is the great point which requires exam- 
ination before buying any given lot of such copal or accepting delivery 
thereof. Some firms carefully test all samples before buying, but 
most irrationally forget to test deliveries to see if bulk corresponds 
with sample submitted and on which purchase was made, and it is 
only when a hitch occurs in the course of manufacture that the de- 
livery is tested — when too late. The less freely soluble varieties of 
Borneo copal, Manila copal, and other hard, medium hard, and soft 
copals were recommended by the older writers on varnish-making to 
be freely ground and exposed to air for say a twelvemonth, when they 
were said to dissolve much more easily and leave a far less bulky 
residue. But why should the varnish-maker court additional 
labour which by skill in varnish-making and skill in buying lie 
can avoid ? Spirit-soluble Manila copal is what he wants, and he 
should see that he gets it. Venice turpentine, gum thus. Burgundy 
pitch, or elemi nftiy be added to copal spirit varnishes to give 
elasticity, and it is good policy first to get a clear alcoholic solution 
of the oleo- resin and use that solution to dissolve the copal, as 
the alcoholic solution of the oleo-resin has got a greater solvent 
action on copal than methylated spirit by itself alone possesses. 
The recipes generally vary with the copal and the elasticity re- 
quired, 3 to 5 lb. of copal to the gallon of methylated spirit with 
the addition of to 2^ lb. of Venice turpentine, Burgundy pitch, 
gum thus, or of common rosin. Medium hard but intractable copals 
must be previously fused, but not so far as to convert them into 
jyyrocopaU as in oil varnish-making. After this treatment the roasted 
CQ|^. is more soluble in spirit : (1) 4 lb. of copal are melted at a 
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very gentle heat, and, when the resin is quite fluid, 2 lb. of Venice 
turpentine are added and well mixed. When the mass is quite 
homogeneous, it is run on to a glass plate, and when cool pulverized 
and dissolved in the water-bath in 1 gallon of methylated spirit ; 
(2) 3 lb. of copal are gently fused and poured in a fine stream into 
much cold water. When cool, the water is run off and the well-dried 
copal mixed with 3 lb. of sandarach and 3 lb. of mastic, both 
finely pulverized and dissolved in the usual way in 2 gallons of 
methylated spirit, in which 2 lb. of Venice turpentine have been 
dissolved. 1. Solutim in Spirits of Turpentine . — Only pyrocopal can 
be used (5i lb. to the gallon), which gives a deep brown-coloured 
varnish. Camphor, rosemary oil, or cajeput oil, or some other cam- 
phoriferoiis essential oil, is often added to aid solution, but this softens 
the varnish, impedes drying, and renders it tacky. A Very Durable 
Varnish . — Dissolve by gently heating on the water-bath 3 lb. of 
pyrocopal, 2 lb. fused amber in 2^ gallons of spirits of turpentine ; 
add 1 lb. Venice turpentine, and continue heat till homogeneous. 
Copal is, as just discussed, more soluble after prolonged exposure to 
air. Exposure to air and light, during process, further facilitates 
solution in spirits of turpentine. When a small quantity of copal is 
added to spirits of turpentine, and exposed to air and sunlight, the 
copal dissolves freely without heat. Spirits of turpentine is rectified 
so as to produce 90 per cent of rectified spirits, of which 480 parts 
by weight arc run into a flask and 10 parts of finely ground copal 
added, the flask closed by a loosely fitting cork and exposed to air 
and light. Gradually the copal dissolves, and the solution is used to 
dissolve a larger quantity of copal. Some sorts do not dissolve. 
2. Solution in Acetone . — Most copals dissolve partially in acetone (3 
lb. to gallon). The varnish dries hard and brilliant. On driving off 
the acetone, the residual copal dissolves much more easily, and in 
a smaller quantity of acetone. 3. Solution in Mixed Solvents . — Copal 
contains several resins, each soluble in different menstrua. Hence 
the theory of mixed solvents. A single solvent dissolves a certain 
amount of copal, but there is often left a swollen intractable residue 
which it is the function of the mixed solvent to dissolve. 4. Ether 
plus Alcohol plus Spirits of Turpentine . — Mix 20 lb. of finely pulver- 
ized copal with 5 lb. of camphor, and add to 8 gallons of ethei- ; let 
stand for twenty-four hours. It is run into a mixture of 2 lb. of 
spirits of turpentine and 2^ gallons of methylated spirit. The mix- 
ture becomes clear on stirring. It separates on standing, for several 
days, into two layers, the lower richer in copal and the upper poorer 
therein, and absolutely limpid. The top layer — an excellent varnish 
— is run off, and the bottom layer, still containing undissolved, 
swollen copal, again treated with camphoretted ether. Heeren says 
only pale. West Indian copal, with a smooth surface, colourless, 
with a rounded surface, and conchoidal fractyre should be used, 
whilst East Indian (Zanzibar) copal, in small pieces, with a wrinkled 
surface and yellow colour should be rejected. The latter do not 
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dissolve, but form a gelatinous mass. [In other words, it is so far in 
vain to use an oil-yarnish resin — only soluble after fusion — in spirit 
W’nish manufacture and expect it to dissolve forthwith in the vola- 
tile solvent used.] The best proportions for the mixed solvent are 
alcohol of 98 per cent 6 lb., sulphuric ether 10 lb., spirits of tur- 
pentine 40 lb. ; 60 lb. of copal dissolved in this mixture gave a 
varnish of the consistency of linseed oil. The copal does not swell nor 
gelatinize. Solution may be facilitated by the aid of a very gentle 
heat. The instructions for this class of work were often only ap- 
plicable by amateurs. They were told, for instance, that the 
brightest and palest pieces should be selected ; but as some of these 
might dissolve badly, it was best to try each lump separately by 
dropping it into a test-tube, containing a small quantity of the sol- 
vent. It ought to dissolve in a few minutes without gelatinizing. 
When the requisite quantity of copal which stood this test was 
obtained, the resin was dissolved and filtered if need be. A quick- 
drying, colourless, almost limpid varnish was obtained, but which like 
all turpentine varnishes was tacky for some time. 

0. Alcohol and Spirits of Turjjentine. — It has been pleaded that 
8f8 Sierra Leone copal consists of a mixture of two resins, one soluble 
in spirits of turpentine, the other in alcohol, the most rational 
solvent for this resin is a mixture of these two solvents. Two lb. 
of finely pulverized Sierra Leone copal are added to 1 lb. of alcohol, 
stirring the mass until the resin, soluble in alcohol, is dissolved and 
the insoluble resin separates as a greyish-white gelatinous mass. 
The alcoholic solution is decanted and forms in itself an excellent 
spirit varnish. One and a half lb. of rectified spirits of turpentine 
are now added to the residual resin, and the whole stirred until 
completely dissolved. By mixing the two solutions an uncommonly 
good varnish is said to be produced. But this piecemeal style of 
effecting solution is not one which would commend itself to British 
varnish-makers. Be that as it may, Andes claims to have dissolved 
Manila, Borneo, Sierra Leone, and Benguela copals in this same 
mixed solvent, obtained by mixing equal proportions of alcohol and 
turps. But Zanzibar and Angola copals swelled without dissolving 
even by the aid of heat. 

6. Camphor, Alcohol, and Oil of Lavender. — Four lb. of copal are 
finely pulverized with 1 lb. of camphor, H lb. of oil of lavender are 
added, and after 12 hours contact 15 lb. of 98 per cent alcohol. 

7. Spirits of Turpentine and Oil of Lavender. — Five lb. of finely 
pulverized copal are dissolved in a mixture of 6 parts of oil of 
lavender, and 20 parts of spirits of turpentine. 

8. Alcohol a^id Acetone. — Three lb. of pulverized copal are added 
to 6 lb. of acetone, and after twenty hours 10 lb. of 96 per cent 
alcohol are added. The solution is aided by gentle heating on the 
water-bath, and wh^n complete i lb. of Venice tuipentine is added. 
A very tenacious elastic varnish is thus produced. 

Complex Mixtures. — Finally, according to the object in view, 
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much more complex mixtures may be used as solvents. The use, of 
a mixture of spirits of turpentine, wood-spirit, benzol, and carbon 
disulphide has already been indicated. 

9. Ether plus Acetoiie plus Chloroform. — Similarly, Valenta used 
a mixture of 300 lb. of ether, 200 lb. of acetone, and 10 lb. of chloro- 
form, and by aid of this mixed solvent prepared an excellent photo- 
graphic varnish (negatives), giving a hard, durable coat by dissolving 
in this mixture 30 lb. of Angola copal, and 30 lb. of yellow amber 
debris. A part of these resins dissolve either in the cold, or after 
heating in an apparatus connected wdth a reflux condenser, and there 
is thus obtained a pale yellow, limpid fluid which gives a brilliant 
and transparent coating. Whilst recognizing the great advantage of 
these mixed solvents, it must be borne in mind that they do not act 
similarly with all varieties of copals. The published formulae scarcely 
ever give the variety of copal that is to be used. It is therefore 
always necessary to make several preliminary trials on the sample of 
copal to he treated. Copal being an oil-varnish resin as well as a 
'spirit- varnish resin, the general properties of which, including its 
solubility inter alia in spirit-varnish solvents, were described in Vol, 
II of this treatise (pp. 41-87), to which the reader is referred. He 
will do well to bear in mind that Cofiignier’s figures on pp. 67, 87, 
and 202 of Vol. II are negative or give insoluble per cent. 

10. Epichlorhydrm , — So as to save time, economize labour, 
eliminate danger from fire, and prevent waste of the proximate prin- 
ciples which give hardness and durability to copal, further attempts 
have been made during the last decade to dissolve this intractable 
resin by the use of special solvents or special mixtures of solvents 
without the previous fusion and partial dry distillation of the resin, 
which must perforce take place before copal can of itself dissolve in 
linseed oil or in spirit varnish solvents. 

The data as to the solubility of various copals in epichlorhydrin 
and dichlorhydrin have already been given in the chapter on sol- 
vents. These solvents were first applied to the solution of copal in 
its natural state in 1895 by H. Flemming. But the chlorhydrin 
process is defective in many ways, the chief drawbacks being the 
extravagant price of the solvents which puts them at once outside 
the domain of the practical politics of the varnish trade, besides 
the time lost in dissolving the copal by digesting it under a reflux 
condenser with the solvent, render the method still more imprac- 
ticable. When to this is added the fact that the drying properties 
of the chlorhydrin varnishes are highly problematical, the process, 
it may be said, has little to recommend it. The ideal solvent for 
copal must not be too dear, it must really dissolve copal in the 
true sense of the word, and not merely hold it in solution, in a 
state of unstable equilibrium like a colloid jelly, ready to disgorge it 
as a tough, gelatinous, intractable mass on the very slightest induce- 
ment or provocation. If the solvent itself dissolve in linseed oil, then 
80 alao should the dissolved copal, or the so-called solution of copal 
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is no true solution but a solution exactly resembling one of colloid 
silica, more especially as regards instability. Moreover, for spirit 
varnish purposes the long-looked-for solvent must so dissolve copal 
that a film of the partially dried varnish should not be capable of 
being drawn off in long, whip-thong-like strings. In a word, the sol- 
vent required for copal must dissolve it and distribute it over a given 
surface with as great ease as alcohol does shellac and with as few 
technical drawbacks. 

The following formula for chlorhydrin varnish may prove 
interesting : — 

Chlorhydrin Varnishes. — One part of dichlorhydrin is poured on 
to 1 part clean and dry kauri and the mixture allowed to stand 
for some time ; then 1 part of methylated spirit added and the 
whole heated to complete solution. By the addition of 15 per cent of 
linoleic acid or castor oil a varnish is prepared which is paler than 
any other oil varnish. It is said to give, when applied to natural 
wood without use of filters, a quick-drying coat which can be rubbed 
down and polished with linseed oil. 

11. Amyl Alcohol as a Solvent for Copal. — Although, according 
to Vogel, copal should be completely soluble in amyl alcohol, the 
hardest kinds may be immersed therein for years without being en- 
tirely dissolved. [See also this treatise, Vol. II, p. 46, under (7) Amyl 
Alcohol.! Livache, however, claims that the addition of a small 
quantity of nitrous acid to the alcohol will cause even the hardest 
copal to dissolve completely within three weeks. This solution is 
not precipitated by oil of turpentine ; and mixtures of the two can 
be separated by distillation. [Compare this treatise, Vol. II, p. 46, 
under Nitric Ether.] The mixture deposits an acid substance after a 
short time, but this can be eliminated by adding a little of a solution 
of potassium oxide in amyl alcohol. The addition of linseed oil to 
the solution of copal in turps gives a precipitate, but since the fatty 
acids of linseed oil retain the copal in solution, a good oil varnish 
can, it is claimed, be prej)ared in that way. For example, 1 part of 
copal in solution is dissolved in 2 parts of oil of turpentine and 
mixed with part of linseed oil and J part of linseed oil fatty 
acids. This varnish dries slowly, but can, it is claimed, be made 
quick-drying by heating it for several hours at 130° to 140° C , with 
the addition of a little manganese rosinate. The product, it is claimed, 
is transparent and elastic. 

Manufacture of Liiwleic Acid for Spirit Varnish-makiny. — As 
formulas involving the use of linoleic acid in spirit varnish-making 
are on the increase, the following method of preparation may prove 
useful : — 

One hundred and fifty parts of old linseed oil are boiled by in- 
direct steam in an iron pan with an equal weight of caustic soda lye 
(30° B.) untH completely saponified, and heated further along with 
750 parts of water until a clear solution is obtained. Meanwhile, 
150 parts of water and 36 of sulphuric acid (168° Tw.) are heated 
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in a lead-lined pan, fitted with a leaden steam coil. This done, the 
soap solution is run into the dilute acid in a thin stream and boiling 
is continued until the supernatant layer of linoleic acid has clarified. 
It is then left to settle, the acid water being drawn off and the lino- 
leio acid thoroughly washed with hot water, heating being after- 
wards continued till the fatty acid is clear and free from water. 
The product, which is soluble in spirit, is used up to 5 per cent for 
softening spirit varnishes, instead of the castor oil frequently employed 
for this purpose. It may also be used as a grounding for oil paint 
on fresh cement plaster, to prevent peeling ; the plaster being washed 
over frequently with water, to remove the soluble alkali salts present, 
then allowed to dry, a coat of linoleic acid being applied and topped 
with paint when dry. 

It may be as well to point out that Coffignier, as the result of 
special experiments, flatly contradicts the conclusions of Livache, 
anent the solubility of copal in amyl alcohol plus nitric acid. That 
is only to be expected, and proves once more the danger of general- 
izing from the solubility of one tiny fragment of a lump of resin in 
any given solvent or mixture of solvents. Had Livache repeated his 
experiments on another sample he also might have failed. Had 
Coftignier repeated his experiments on another sample he might have 
chanced to pick up a piece not only soluble in amyl alcohol plus 
nitric acid but in amyl alcohol alone. No two distinct pieces of copal 
even from the same delivery agree in their solubility in amyl alcohol, 
as anyone can prove for himself, as the writer did several decades 
ago. 

12. Terpimol as a Solvent for Hard Copals . — We now come 
to terpineol copal varnishes. Tixier and Kambaud claim to prepare 
varnish from hard copals by simple solution, without previous melt- 
ing. They treat oil of turpentine with nitric acid, in order to 
form terpineol (C,^,Hi,.0), a very energetic solvent, which can 
be diluted with spirits of turpentine, benzol, alcohol, to reduce 
the cost. The solvent can be prepared by two different methods. 
In the quicker one the spirits of turpentine is stirred up with 
dilute nitric acid (density about 20'" B.), specific gravity 1162, 
and warmed to 60'" to 70" C. (140" to 158" F.). The turpentine 
becomes dark in colour, increases in density, assumes a different 
odour, and becomes less inflammable. When the mixture no longer 
precipitates a solution of kauri in terpineol, the turpentine so 
treated is separated by decantation, washed with slightly alkaline 
water, and distilled with the aid of steam. The distillate is a 
pale liquid, consists of unaltered oil of turpentine, terpineol, and 
dehydration products of the latter, such as terpinolene, terpinene, 
dipentene, etc. As this method furnishes a product liable to vary 
in constitution and be dark in colour, the slower cold process is pre- 
ferred. This consists in maintaining the mixture at a low tempera- 
ture, viz. 16° to 20° C. (with the aid of a cooling mixture if necessary), 
during the action of the nitric acid on the oil of turpentine. Nearly 



the whole of the latter is converted intb crystallized terpine, which, 
has then merely to be washed with water and transformed into ter-^ 
pineol by the action of very dilute sulphuric acid. The nitric acid 
used may be replaced by a mixture of sulphuric and hydrochloric 
acids, but the results are less satisfactory. The terpineol obtained 
by one or other of these methods is industrially pure, is optically in- 
active, and has the specific gravity about ‘940, with the refraction 
index 1*4780 or over at 20'' C. It dissolves the hard resins to a 
pale varnish, which may then be diluted with turps or spirit. When 
oil is used, the quantity that may be added varies directly with the 
amount of terpineol present and its degree of acidity, which latter 
property may be increased by adding soluble fatty acids, as neutral 
oils are apt to precipitate the resin from its solution in terpineol. 

Copal Spirit Varnish^ by Solution in a Single Solvent ; Ether . — 
Attempts have been made to obtain a quick-drying varnish by dis- 
solving copal in ether, but according to Violette, and contrary to the 
assertion of Tingry, copal does not dissolve directly in ether without 
being previously heated so as to drive off one-fourth or one-fifth of 
its weight. The fused or pyrocopal thus obtained is soluble in. 
ether, but it is not so hard as the original copal and may even be 
tacky like fused amber. Process . — Five hundred parts of finely 
pulverized pyrocopal are run into a flask and 1000 parts of ether 
by weight gradually added, shaking after each addition ; the copal 
rapidly dissolves, and after complete solution the whole is allowed to 
stand for some time and the clear liquid is filtered through linen or 
paper, taking care to prevent loss by evaporation in the manner pre- 
viously indicated. Before using this varnish, which possesses a 
beautiful brilliant lustre, it is advisable to prime the surface to which 
it has to be applied with an essential oil, such as spirits of turpentine, 
oil of spike, rosemary oil, so that the varnish does not thicken too 
rapidly and the coating pit from the escape of enclosed ether. 

TABLE evil.— VARNI8H FOR OPTICAL INSTRUMENTS. 

Parts by Weight. 

Copal 10 

Essence of lavender 50 

Powdered camphor 1 

Dissolve the copal and camphor in essence of lavender, then 
vrarm sufificient spirits of turpentine to obtain the necessary fluidity 
for the varnish, and add the mixture slowly to this. 


TABLE CVrU.— TERPINEOL COPAL VARNISHES. 



A 

B 

C 

D 

E 

P 

0 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Copal 

20 

20 

60 

SO 

60 

60 

60 

TonlDeol .... 

10 

9 

40 

20 

40 

26 

40 

Turps 

20 

— 

— 

60 



00 

i — j 

' 26 

60 

*"■ 

160 

76 

I 


A, B« 0, ,D » Manila. B, F, G, Kaurj/ 
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TABLE CVIII.— MANILA, BORNEO, ANGOLA, BENGTJELA, AND SIERRA 
LEONE SPIRIT VARNISHES. 


1.. Manila copal . 

. 160 1b. 

6. Borneo copal . 

. 140 lb. ■ 

Venice turpentine . 

. 40 „ 

Venice turpentine 

. 60 „ 

Methylated spirit 

. 36 gals. 

Methylated spirit 

. 40 gals. 

2. Manila copal . 

. 1601b. 

7. Borneo copal . 

. 1401b. 

Burgundy pitch 

. 50 „ 

Burgundy pitch 

. 70 „ 

Methylated spirit 

. 36 gals. 

Methylated spirit 

. 40 gals. 

3. Manila copal . 

. 50 lb. 

8. Borneo copal . 

. 1101b. 

American rosin 

. 30 „ 

Elemi 

. 40 „ 

Burgundy pitch 

. 30 „ 

Methylated spirit 

. 33 gals. 

Methylated spirit 

. *20 gals. 





9. Angola copal . 

.100 1b. 

4. Manila copal . 

. 50 lb. 

Burgundy pitch 

. 40 „ 

Australian sandarach 

. 50 „ 

Methylated spirit 

. 22 gals. 

Venice turpentine . 

. 30 „ 



Methylated spirit 

. .30 gals. 

10. Benguela copal 

.100 lb. 



Burgundy pitch 

. 60 „ 

5. Manila copal . 

. 50 lb. 

Methylated spirit 

. 25 gals. 

Australian sandarach 

. 50 „ 



American rosin 

. 30 „ 

11. Sierra Leone copal 

. 1001b. 

Venetian turpentine 

. 30 „ 

V’enice turpentine . 

. 30 „ 

Methylated spirit 

. 31 gals. 

Methylated spirit 

. 12 gals. 


TABLE CIX.-COPAL SPIRIT VARNISHES. PARTS BY WEIGHT. 


Copal 

. 10 

20 

60 

75 

50 

36 

Sandarach, Australian . 

. — 

— 

— 

150 

50 

74 

Mastic 

. — 

— 

— 

115 

25 

86 

Venice tui*pentine 

. — 

— 

— 

60 

— 

80 

Seed lac ... . 

. . — 

— 

36 

— 

— 

— 

Rosin 

. — ' 

— 

25 

— 

— 

— 

Balsam of copaiba 

. — ; 

n ! 

> — 

— ' 

— 

— 

Spirits of turpentine 

. 10 

40 1 

— 

— 1 

25 

— 

Alcohol .... 

5 

15 1 

1 

400 1 

400 , 

130 

200 


Extra White Label Varnishes. — 1. Dissolve 20 lb. white powdered 
Manila copal and 10 lb. of white rosin in 20 lb. 96 per cent methy- 
lated spirit on the water- bath. Then filter. 

2. As No. 1, except that the proportions are different, viz. 
Manila copal 20 lb., rosin 10 lb., spirit 25 lb. 

3. As No. 1, with 15 lb. each of Manila copal and rosin, and 20 
lb, of spirit. 

4. As No. 3, but with 25 lb. of spirit. 

5. As No. 1, but with 12 lb. Manila copal, 18 lb. rosin, and 20 
lb. of spirit. 

'6. As No. 5, but with 25 lb. of spirit. 

Coffin Varnish. — Dissolve 18 lb. of pale yellow rosin and 12 lb. 
of Manila copal in 25 db. of 96* per cent methylated spirit on the 
water-bath. This varnish can be coloured brown or black with 
aniline dye. 

Deep Black Spirit Copal Leather Varnish. — Take Manila copal, 
ground, 30 parts ; sandarach, la, ground, 19 ; Venice turpentine, 5 ; 
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castor oil, commercial, 5 ; nigrosine, alcohol soluble, 6 ; alcohol, 96 
per cent, 150 parts. Dissolve the sandarach and copal in 126 parts 
of the alcohol (in manufacturing on a large scale this is done in a 
revolving cylinder moved by appropriate machinery (Figs. 44-7)). 
Heat the Venice turpentine and castor oil (the sort used in the arts) 
together in a pot and stir till a homogeneous mixture is obtained, then 
add to the alcoholic solution of resins and stir well together. Warm 
the remaining alcohol on a water-bath to about 30“ C. (86' F.), and 
in it dissolve the nigrosine. Strain the varnish through linen, and 
then add the solution of nigrosine and stir until homogeneous. 
Set aside for two weeks, and then carefully draw off into bottles or 
tins. 

TABLE CX.— SPIRIT COPAL FOR PALE WOOD. 


Copal 

Mastic 

Camphor .... 

Uij per cent alcohol 
Venice turpentine . 

Use sand-bath. Can be polished. 


75 oz. 
13 „ 
a little 
100 oz. 

b „ 


TABLE CXL-SIERRA LEONE, BORNEO, AND MANILA COPAL SPIRIl 
VARNISHES. PARTS BY WEIGHT. 


i 

lb. 1 lb. 

lb. 

I Sierra Leone copal 

, 

10 

i Borneo copal 

i 11 

— 

1 Eleroi 

- j 4 

— 

i Manila copal 

16 - 

— 

i Venice turpentine 

f 4-5 ! — . 

3 

1 Methylated spirit 

; 30 ; 27 

1 ' i 

10 


Spirit Copal Varnish/or Leather . — Seventy gallons of methylated 
spirit (95 per cent), 300 lb. of powdered Manila copal, 100 lb. ol 
Venice turj^entine, and 6 lb. of nigrosine or aniline black, soluble in 
spirit. The nigrosine is dissolved in 2i to 3 gallons of cold spirit, 
the turpentine being dissolved in 8 to 10 gallons of the same solvent. 
The copal is shaken up in a barrel with the remainder of the spirit for 
three to four hours, then strained through a fine sieve, and mixed with 
the dissolved turpentine and dye. The preparation may be scented 
with a little oil of lavender, and should be stored in glass bottles. 
The smell (if any) of the spirit can also be masked with oil of cloves 
or mirbane. The same preparation can be made in other colours by 
using suitably coloured dyestuffs. 

Uninflammable Liquid Spirit Copal Polish . — Beaumont proposes 
to render liquid polishes for flooring, furniture, leather, etc., unin- 
flammable by an addition of carbon tetrachloride. The following 
pre^rtions may serve as typical, though capable of modification, 
M^rding to circumstances : Carbon tetrachloride 550 parts, oil (A 
^vCpentine 225, beeswax 125, • hard copal 10, and wood alooho) 
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90 parts. The beeswax is ’cut up into small pieces and placed, 
along with jbhe carbon tetrachloride, in a pan that is heated on a 
water- bath to a temperature not exceeding 70° C., the mixture being 
stirred till all the wax is dissolved. The flame being extinguished, 
the turps is stirred in until a uniform mixture is obtained. Mean- 
while the copal has been dissolved in the wood spirit, and the two 
solutions can then be mixed, the whole being well incorporated, 
especially as the liquid is being poured into the tins, etc., for sale. 
The preparation can be coloured or scented if desired. 

VI. Dammar Spirit Varnishes . — Dammar spirit varnishes are in- 
ferior to spirit varnishes made from good sorts of copal. They are, 
however, superior to Manila copal in so far as they are free from the 
great fault of stringing so as to be capable of being flayed off in 
thongs when touched before quite dry. For certain purposes they 
are preferred on account of their lustre, moreover they are generally 
brighter and paler than amber or copal varnishes, but their great 
•fault is want of durability and liability to surface drying when used 
in too viscous a solution, and in a highly volatile solvent. This quasi- 
dry surface layer covers a more or less solvent saturated layer 
beneath which out of doors melts with each rising sun and solidifies 
with each setting sun until it shows as many wrinkles and furrows 
as the bark of a pine hoary with the age of centuries. Rosin 
aggravates these defects. Dammar is essentially an indoor varnish. 

Solution in Ether . — Though dammar is only partially soluble in 
ether the ethereal solution is used as a varnish, particularly as a 
picture varnish, on account of its lustre and transparency. It is 
necessary to work with dilute solutions, otherwise the rapid evapora- 
tion of the ether causes the formation of a superficial layer which 
hinders the varnish underneath from drying, thus doing away with 
any benefit derived from the use of a quick-drying varnish. 

Spirits of Turpentine . — This is one of the best solvents for dam- 
mar. It' dissolves therein completely in the cold, but it is preferable 
to work with the aid of heat, so as to drive off moisture which is 
present in. large proportion, and which would otherwise yield a 
•cloudy varnish ; the heat should not, however, be so great as to 
darken the varnish. Venice turpentine is added to impart greater 
body and elasticity. 

Process . — The Venice turpentine is melted in an enamelled, 
round-bottomed, cast-iron pan, 25 inches deep by 18 inches wide, 
.and heated over a suitable furnace built into brickwork. The 
roughly-crushed and well-sifted dammar is then added, rejecting 
the powder which passes through the sieve, because it gives a deeper 
coloured varnish. The mass is well stirred and covered with a tight- 
fitting’ lid. The melting of the dammar takes from an hour to an 
bour and a half according to the quantity used. Towards the end, 

’ the boiling mass rises in the pan ; the process has therefore to be 
; watched carefully, and stirred with a wooden agitator. When the^ 
is completely fluid the pan is removed from the fire, and after 
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cooling the spirits of turpentine is added, at first ^ little at a time, 
whilst stirring slowly ; when the mass is homogeneous the remainder 
is added. The resultant varnish is filtered through coarse linen and 
allowed to stand for several weeks to completely clarify. Sometimes 
the dammar is heated by itself, and to the melted mass deprived of 
its moisture the solid turpentine is added, and the operation con- 
tinued as before. When it is not desired to add any solid turpentine 
it is best to add a little spirits of turpentine to the dammar at the 
beginning to prevent the resin from sticking to the sides of the pan. 

The proportions generally used are 6 or 7 lb. of dammar to 
the gallon of spirits of turpentine. If solid turpentine be used the 
proportions for 20 parts of dammar vary between spirits of turpen- 
tine 22 to 32 parts, solid turpentine 4 to 20 parts, according to 
the body and elasticity desired in the varnish, the quantity of spirits 
of turpentine increasing proportionately with the solid turpentine. 

To get a good-bodied varnish dammar requires its own weight of 
spirits of turpentine and half its weight of thickened turpentine, but 
if more than 2 parts of thickened turpentine to 1 part of the spirits 
required to dissolve the dammar be used, a poor-bodied, slowly- 
drying varnish will result. Dammar varnishes, though pale, are 
cloudy, owing to imperfect solution of the dammar. They are 
clarified by stirring into every 20 lb. of varnish lb. of absolute 
alcohol ; the varnish, however (like every cloudy solution), darkens 
in the clarifying process. Dammar dissolved in benzol yields a 
perfectly limpid, clear solution, and thus gives a better and a quicker- 
drying varnish than spirits of turpentine. Photographic Varnish , — 
A good negative varnish for proofs on paper, when sufficiently 
thinned, is got in the cold by dissolving 8 parts of dammar in a 
mixture of benzol 90 parts and absolute alcohol 10 parts (all by 
\veight). The resin is gelatinized in alcohol before adding the 
benzol. Lamb and Boyd make a good varnish by adding amylic 
alcohol to spirits of turpentine or to benzol in the ratio of 20 to 80 per 
cent of the total solvent according to rapidity desired in drying. 
For quick drying 20 per cent of amylic alcohol suffices. Example . — 
Dammar 20 lb., benzoin 20 lb., solvent 120 to 240 according as 
varnish is for metals, wood, or paper. 

For the production of liquid bronze acid-free varnish should be 
used, as bronze ground with ordinary varnish will form verdigris. 
Two methods may be used : (1) Neutralize the dammar, pour 20 
lb. of petroleum benzene over 7 lb. of finely-ground dammar, and 
dissolve by repeated shaking. Next add to the solution’s lb. of a 
10 per cent aqueous solution of caustic soda and shake up well for 
ten minutes. Two layers will form on standing, the upper one of 
dammar dissolved in benzene, and the lower aqueous one containing 
the dammar acids dissolved as soda salts. Four off the benzene 
layer, agitate again energetically with another 5 lb. of the 10 per. 
cent caustic soda solution. Now set aside for complete clarification 
ttnd separation of the two, liquids. The dammar solution syphoned 
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off will be perfectly free from acid. To obtain gold bronze varnish 
add to the neutralized dammar solution about 2-J lb. of bronze or 
brocade per gallon. (2) Or else carefully mix 10 lb. of finely-ground 
dammar with 3 lb. of soda ash and heat to fusion, in which state it is 
maintained two to three hours with frequent stirring. Now let cool, 
grind the turbid mass obtained, and pour 1 gallon of coal benzene or 
petroleum benzene over it in a flask. By repeated shaking of the 
flask the soluble portion of the molten mass is dissolved ; filter after 
allowing to settle. Into the filtrate put 3 to 4 lb. of bronze powder 
of any desired shade, the brocades being especially well adapted for 
this purpose. If the metallic powder remains distributed over the 
mass for a long time, it is of the right consistency. If it deposits 
quickly, it is too thin, and a part of the solvent must be evaporated 
before stirring in the bronze powder. 

Gold Bronze Varnish . — According to “Kraft und Licht” this 
varnish must be free from acid, or verdigris will form on the 
bronze varnished with it. It gives the following directions for 
making the varnish : Dissolve 5 lb. of powdered dammar in 10 lb. 
of petroleum ether. Then add o lb. of a 10 per cent solution of 
caustic soda, shake well for ten minutes and allow to stand. Decant 
the dammar solution which rises to the top from the aqueous solu- 
tion of resinates below it, and treat it again with a fresh lot of lye 
exactly like the first in strength and quantity. Then mix the 
neutralized solution with the bronze. Another method is to mix 
10 lb. of powdered dammar with 3 lb. of powdered calcined soda, 
and then fuse the mixture, keeping it fused for two or three hours 
with plenty of stirring. Then powder the cold mass and extract the 
deacidified resin with petroleum ether, and mix the filtered solution 
with the bronze. If no excess of the ether has been used the 
bionze powder will remain suspended for a long time in the solu- 
tion. If it settles too rapidly some of the petroleum ether must be 
evaporated off. 

Insecticide Varnish for Books, 

Dammar 2 lb. 

Mastic 2 lb. 

Canada balsam 1 lb* 

Creosote i !!*• 

Methylated spirit 2 gals. 

Crystal Varnish , — Dissolve dammar in its own weight of turpen- 
tine and thin to the right consistency. 
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INDIA-llVBBEll, INSULATING, MASTIC, AND MATTE SPIIUT 
VARNISHES. 

VII. India-rubber and Gntta-jiercha Sjnrit VarimheH are chiefly 
used to render the articles or objects to which they are applied 
impermeable to water and to air. Many coatings are waterproof, 
few airproof. But if rubber varnishes are most often used with 
a linseed oil vehicle, yet varnishes, oil or spirit, into which rubber 
enters dry slowly. The best solvents are benzol and spirits of 
turpentine in which rubber swells and becomes transparent but 
does not actually dissolve. Rubber dissolved in caoutchouc oil 
is not often used. As a great bulk of solvent is required the per- 
centage of solids in the varnish is small, and there is no gain in 
volatilizing the solvent as the thicker varnish would not dry. Rubber 
out into stri])s and dried at 40 to /50"' C. (104 to 122° F.) dissolves 
more freely and yields a better varnish. Proportiom : (1) Benzol 
1 gallon, rubber 1 lb. ; heat on the bath till dissolved. (2) Turps 
I gallon, rubber 1 lb. ; digest forty-eight hours ; add another { 
gallon turjjs and complete solution on the water-bath. (3) Colourless 
Bubber Solutions, — The rubber is covered with twice its weight of 
carbon disulphide and kept in contact until it first swells and 
then yields a homogeneous jelly which on adding benzol dis- 
solves completely. The carbon disulphide is distilled off on the water- 
bath. A moi’e colourless solution is thus obtained than with benzol 
alone. (4) Photo<jraj)her' s Varnish . — Rubber 2 lb., ether^ 1 lb. ; dis- 
solve on water-bath ; used to coat funnels, small vessels of wood, papier 
mfi,ch6 and glass. (5) Comjdex Waterproo f Kng shell Gloss Varnish for ^ 
Wood, — Soak 2 lb. of india-rubber cut small in 10 lb. of oil of tur- 
pentine. When it has swollen, add 10 lb. more of turpentine and 
dissolve the rubber with gentle heat. Mix the solution in 22 lb, of 
boiled oil and 11 lb. of rosinate of manganese and heat to 120° C. till 
clear. Then allow to cool to 80° C., and add to the mass seven 
times its bulk of a 40 to 50 per cent solution of shellac in spirit, and 
one-third of its bulk of a mixture of copaiba balsam, with five times 
its weight of boiled oil. The varnish is applied with a pad or a soft 
brush. The coats resist water, vinegar, wine, beer, and all ordinary 
liquids. (6) Dissolve 50 lb. dammar and 25 lb. of l ubber in 6 gallona 

^ The formula prescribeR that the ether should first be reduced by abaking with 
water to one-fifth of its original volume. 

(874) 
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turps, and when dissolved add 6 gallons of boiled oil and filter. 
(7) Varnish for Fret TForfe.— Dissolve 12 lb. of rubber in a mixture of 
25 ib. turps and 12 lb. rectified naphtha ; mix with 6 lb. warm copal 
varnish. The proportions may be varied to 1 lb. rubber, 6 lb. turps, 
1 lb. naphtha, and 6 lb. copal varnish. (8) Varnish for Morocoo » — 
Eubber 6 lb., turps 6 gallons ; digest for a few days ; when the turps 
has been absorbed, again add an equal amount and digest on the 
water-bath till homogeneous ; then add to 8 gallons of copal varnish 
made in proportion of pale copal 1 lb., boiled oil j lb. Mixing is 
done at a moderate heat until the rubber solution is well incorporated 
in the varnish. (9) Varnish for linbher Goods , — Vulcanized rubber 
5 lb., ordinary rubber 20 lb., turps 15 gallons. 

Elastic and Dnrahle Iiidia-rnbber S 2 )irit Varnishes , — The layer 
of resin left by the evaporation of a spirit vfernish may answer the 
requirement of brilliancy, but is usually brittle and of small lasting 
power. The reason of these defects is the impossibility of adding 
drying oils to the varnish. Even the usual additions of turps, elemi, 
and other semi-liquid resins remedies the trouble only imperfectly, 
and at the cost of introducing fresh difficulties. Although, however, 
drying oils will not mix with spirit varnishes, the fatty acids 
which they contain will do so, and give to the spirit varnish 
the elasticity and durability of an oil varnish, and they dry by 
oxidation quite as well as the oils themselves. This property also 
permits the addition of india-rubber to spirit varnish, a thing hitherto 
impossible. The boiling fatty acids dissolve india-rubber easily, and 
the solution can then be added to the spirit varnish without any pre- 
cipitation of india-rubbej- taking place. The addition of the fatty 
acids to a spirit varnish also lessens the too rapid drying of it, and 
enables large surfaces to be coated uniformly and without showing 
brush marks. The following is a recipe for one of these varnishes : 
Dissolve 200 \h. shellac and 200 lb. of soft Manila copal in 
250 lb. of 96 pel- cent spirit mixed with 200 lb. of heavy petroleum 
spirit. \V hell cold add 75 lb. of fatty acid of linseed oil, 75 lb. of 
fatty acid of wood oil, 25 lb. of india-rubber, and 2 lb. of manganese 
borate. The two last should bo •dissolved in the fatty acid before the 
latter is added to the solution of the resins. 

Cements for lluhher and GiUta- 2 )ercha.'—Cemet\\,s for the above 
materials, useful both in the workshop and in the house, can be 
prepared as follows : (1) To fasten leather on gutta-percha, a hot 
mixture of gutta-percha 50 parts, asphalt or pitch 100 parts, 
and turpentine oil 15 parts, is used. (2) For two surfaces of 
leather, e.g. boot soles, an elastic gutta-percha cement that will 
neither tear nor break when bent is employed. It is made by 
dissolving 10 parts of gutta-percha in 100 parts of benzol, pour- 
ing this solution into 100 parts of linseed varnish, and shaking the 
whole up together. (3) To attach rubber to metal, use can be mad< 
of a 10 per cent solution of shellac in ammonia. After standing foi 
three or four weeks the preparation can be used cold ; it is. watei 



376 


THE MANUFACTURE OF VARNISHES. 


and gas tight, and will also fasten hard rubber. (4) Cement for 
leather-driving belts is prepared by kneading together a mixture of 
10 parts of carbon disulphide and 1 part of turpentine oil, and enough 
gutta-percha to make a stiff paste. The leather must be freed from 
grease, and roughened, and the parts pressed together until the 
cement has dried. (5) A cement for repairing rubber shoes is made 
from a 4 per cent solution of caoutchouc in chloroform, and a solu- 
tion of 10 parts of caoutchouc and 4 parts of rosin in 40 parts of 
turpentine oil, the two being mixed in equal proportions before use. 
(6) The following solutions are useful for cementing caoutchouc : 
100 parts finely shredded caoutchouc, 15 parts resin, and 10 parts of 
, hellac, dissolved in carbon disulphide'; or 1 part of caoutchouc, 
7 parts gum mastic, and 50 parts chloroform left to dissolve at 
leisure. 

Parts l)y Wei|rlit. 

India-rubber 10 

Chlorofonii fi 

Mastic 2 

This size is also good for making glass adhere to other hard 
surfaces. 

Waterproof Cement for Leather, Caontchono ami Batata , — A 
waterproof cement for leather, caoutchouc, or balata is prepared by 
•dissolving gutta-percha, caoutchouc, benzoin, gum lac, mastic, etc., in 
some convenient solvent like carbon disulphide, chloroform, ether, or 
alcohol. The best solvent, however, in the case of gutta-percha is 
carbon disulphide, and ether for mastic. The most favourable pro- 
portions are as follows : Gutta-percha, 200 to 300 parts to 100 parts 
of the solvent, and 75 to 85 parts of mastic to 100 parts of ether. 
From 5 to 8 parts of the former solution arc mixed with 1 pai't of 
the latter, and the mixture is then boiled on the water-bath, or in a 
vessel fitted with a water jacket. 

Imitation Gutta-percha , — A new method of making this sub- 
stance has been introduced by Siemens and Halske, of Berlin. 
The ingredients consist of caoutchouc and a rosin soap, the latter 
compounded, for example, of 100 parts of rosin, 100 paits of 
Oarnauba or Ocuba wax, and 40 parts of gas tar, melted together 
and passed through a sieve. They are then heated to about 170"' to 
180° C., and slowly saponified by stirring with 75 parts of milk of 
lime of specific gravity 1*06. The product is next put into a knead- 
ing machine along with an equal quantity of caoutchouc cuttings, 
and worked on this machine at a temperature of 90° C. or over. 
When sufficiently kneaded, the mass can be rolled to render it more 
uniform. 

Insulating Varnishes . — Efforts have been made of recent years 
to cheapen the passage of electricity so as to cope with modern pro- 
gress in electro-technics. Conductors require to be perfectly insu- 
lated to prevent current leakage, and men and animals come in 
contact with bare conductors with serious, if not fatal results. A 
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portion of the first samples of gutta-perbha brought to Great Britain 
by Montgomery were handed to William Siemens who in turn sent 
them to his brother Werner in Berlin, and in gutta-percha Werner 
Siemens discovered the first good insulator. He also designed a 
machine for coating wires with it. Gutta-percha is the insulating 
material par oxccllencn for submarine cables, and laid at the bottom 
of the sea gutta-percha maintains its insulating powers unimpaired 
for ages. As an underground insulator it succeeds well in damp 
earth. But, exposed to the air it oxidizes, hardens and cracks, and 
the insulation is destroyed or defective. Numerous attempts have 
been made to prevent the oxidation and resulting crumbling of 
gutta-percha exposed to the air. To protect museum specimens of 
gutta-jjercha from disintegration by air they are covered with a coat 
of varnish. Naturally in trying to improve on gutta-percha or to 
find a substitute for it, it was ti-ied to cheapen it, but it still re- 
tains its supremacy as the insulator par excellence of submarine 
cables. But loderits and other animals attack it in underground 
■conduits, and paper coated with rosin oil, or some such-like com- 
position, has been for some years successfully used as an insu- 
lator on land, especially for high-tension current. In submarine 
telegraphy the current is always a low^-tension one. The necessity 
for some liquid for impregnating and supplementing the insulation 
on electrical apparatus has long been recognized. It is not suffici- 
ent to have a varnish that merely forms a more or less waterproof 
covering outside the coils. A substance is required that will reach 
]*ight down to the deepest layer. The need of the extra insulation is 
difficult to explain. Coils have been w'ound and machinery has been 
run wuth simply the silk or cotton covering over the copper wire, 
and though this has initially appeared sufficient the original insula- 
tion has, in time, given out. The insulation varnish, therefore, is 
not so much needed as an insulator, but to maintain the initial insu- 
lation resistance over a longer period more constant. 

Linseed oil is debarred owing to its oxidation to a brittle sub- 
stance ; moreover, it may be so applied that it acts as a carrier of 
oxygen to paper and burns it so that in a few years the paper is as 
brittle as if it had been charred. This occurs when it has been 
saturated wdth linseed oil dissolved in its own volume of spirits of 
turpentine. If a diluent be required then a neutral petroleum spirit 
should be used. Paraffin wax has been extolled as the insulator 
from all points of view^ especially an article sold under a trade name 
said to be made by dissolving paraffin w’ax in petroleum naphtha 
and raising the melting-point by a special process to 300'^ C. (? how). 
But paraffin has the defect of sweating out from any coating in which 
it is an ingredient. Moreover, it is almost as brittle as a thin film 
of ice when cold. 

Few varnishes are effective insulators. Such varnishes must 
leave a permanent w^aterproof film and so far elastic as to allow 
of expansion by heat and contraction by cold of the organ of the 
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apparatus on which it is applied. It must not peel, orabk, or blister 
with heat, age, or vibration, and it must not act chemically on the 
cotton, silk, or paper, or other insulation material, or on the copper 
itself. Permanence is the chief requisite. Shellac varnish, one of 
the first insulators to be used, is still often used in spite of many 
defects for small repairs by unskilful hands. The film softens at a 
moderate heat. It is urged that being formed by dissolving shellac 
in methylated spirit that as methylated spirit contains water that the 
varnish is more or less hygroscopic. It is also urged that it 
rapidly pow'ders under the vibration of the machinery. But shellac 
itself is fairly elastic when pure, yet as the varnish is often adultei*- 
ated with Manila copal and rosin such complaints are b:^tter founded 
in regard to the sophisticated article than the pui’e article. But 
commercial shellac of commerce, it is urged, nearly always contains 
free acid. Be that as it may, the alcohol in which it is dissolved in- 
variably does so. This free acid attacks the copper and can be 
recognized on a coil insulated by this means by the green discolora- 
tion it produces. Shellac is, therefore, it is urged, unsuitable 
for most electrical purposes for which an insulating varnish is re- 
quired. Most defects of shellac varnish also occur in copal and 
asphaltum varnishes. Under vibration and heat they rapidly powder, 
become entirely useless ; besides, nearly all varnish resins contain free 
acid. Attempts to remove brittleness by slow-drying oils improved 
matters at the outset, yet the film finally became as brittle as ever* 

Coils are dried before varnishing in a vacuum oven at a tempera- 
ture of IOC' C„ and the hot coil put into a bath of the varnish 
and left until thoroughly impregnated, after which it is removed and 
replaced in the baking oven for a few hours, suitable ])rovision 
being made to allow the coil to drain, after which it is cooled. Rom© 
vacuum ovens permit of dipping and drying without removal from 
the oven, which, of course, ensures a more thorough job than when 
the coil is exposed to the aii-, even, it may })e, at a high temperature. 

To test varnishes apply them to linen or paper with a brush, 
in two directions at right angles to one another ; oi* the linen 
may be dipped in the varnish, the top and bottom of the piece being 
exchanged at each successive dipping to ensui'e as even a coating as 
practicable. It is important to use the same thickness and quality 
of linen in all tests. Batiste linen is a good standard. The sample 
is then dried generally at the temperature recommended by the 
manufacturer, until it is no longer sticky. The disruptive strength 
of these samples is then tested, cold and warm, flat, and after creas- 
ing, and the average and minimum values for several samples are 
recorded. The samples are also tested as to freedom from acid. 
The drying properties of the insulating varnish should also be de- 
termined both in the air and in the stove, after which the power to 
stand high temperatures should be determined, by superheating until 
the varnish either runs or chars. 

To test effect of varnish on copper wires ihix copper turninga 
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with the varnish. They will turn green if the varnish aots bn them 
in any way. To test if watertight apply the varnish to a piece of 
cotton duck ; moisten the back uncoated part with the saliva, place 
against mouth and blow. If no bubbles show it is airtight, and if air- 
tight it is in all probability also watertight. But make a bag, coat 
it with the varnish, place a sufficiency of dehydrated blue vitriol or 
dehydrated green vitriol in the bag, immerse in water, and if it be 
not watertight these reagents will be turned blue or green as the 
case, may be. 

Some Hccipes for Insulating Varnishes . — The following recipes 
are not free from the defects just discussed, but they are quoted from 
an authority who gives them as “the best known : — 

1. Melt together 20 lb. of asphaltum and 4 lb. of sulphur. Then 
add 50 lb. of drying oil or cotton-seed oil, keeping for five to six hours 
at 160'" C. Finally dilute with oil of turpentine. 

2. Keep 30 lb. of elaterite, with 20 lb. of drying oil, for five to six 
hours at 200'’ C. Then add 30 lb. of fused asphaltum and maintain 
the temperature for another three to four hours. Then add 10 lb. of 
drying oil and dilute with oil of turpentine. 

The following two recipes will give products very suitable for 
use where the currents are only of low tension : — 

TAPLE CXIL— SHOWING IlECTPES FOIl VARNISHES FOR LOW- 
TENSION CURRENTS. ’ 


Shellju* 

San<larnoh 
Elemi 

Linolei(! acid 
Alcohol . 

Insulating Material. — Stearme Pitch has ’been recommended as 
an insulating agent, owing to its impermeability, elasticity, Ipw 
electrical conductivity, and lack of smell. According to Dupre and 
Icard, it may be applied for insulation purposes either in solution 
in carbon disulphide, etc., or direct, in which latter event it is either 
melted or else softened by contact with a hot iron. For the same 
purpose it may be incorporated with other substances that either 
assist or counteract its own properties, such as tai*, various resins, 
carbonate of magnesia, talc, graphite, asbestos. But stearine pitch 
has many serious defects from an insulation point of view, and 
these may readily be gathered from Yol. II of this treatise, pp. 
37, 38. 

For information in regard to numerous substitutes for gutta- 
percha and insulating compositions (Chatterton’s compound, etc.), 
see “India-rubber and Gutta-percha,” 2nd edition, pp. 492, 493 
(Scott, Greenwood & Son), also “Mineral Waxes,” published by the 
same firm. 


1 . 

lb. 

4 

2 

2 

1 .) 


II. 

lb. 

4 

4 

1 

20 
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TABLE CXIIl.— ELECTRIC INSULATING COPAL SPIRIT YARNISH. 

Clear Manila gum ....... 18 parts wt. 

Neut. K. rosin 18 ,, wt. 

Columbian spirits 1 82 ,, fid. 

74° B. petroleum naphtha 16 »» fld. 

Use steam warm. Keep covered. 

VIII. Mastic Varyiishcs are highly esteemed for oil paintings, 
water-colour pictures, cardboard, paper, etc., but high price makes 
its use expensive. (1) Solution in Alcohol. — It yields a quick-drying 
varnish. Water-colour and paper varnishes are made as follows : — 


TABLE CXIV. 


Mastic (lb.) 

Water-eolojjr. 

. . 0 

Paper. 

4 

Rookhiiuler. 

8 

Alcohol (lb.) 

. 14 

14 

20 

VeTietiiin turpentine (lb.) . 

2 


— 

Bleached shellac (lb.) . 

. . — 

— 

1 


As alcohol only dissolves 90 per cent of mastic, the residue is 
employed in making mastic varnishes with spirits of turpentine as 
the solvent. But complete solution is got in alcohol by addition 
of a little spirits of turpentine. (2) Spirits of Turpentine Solution 
is highly esteemed for pictures (mixed with linseed oil it yields 
artists’ meyilj)). One lb. of mastic is dissolved in 1-J lb. of spirits of 
turpentine, either on the cold or on a water- bath. Acetone has been 
recommended as a solvent, mastic being very soluble in the cold in 
that reagent. 

TABTiE CXV.— MIXED MASTIC SPIRIT VARNISHES. 


Shellac . 

Mastic 
Sandaraoh 
Venetian turpentine 
Methylated spirit 


1, 

II. 

III. 

oO lb. 

— 

— 

27 „ 

00 lb. 

80 lb. 


48 „ 

120 „ 

_ . 

45 „ 

45 „ 

27 gals. 

, 60 gals. 

60 gals. 


TABLE CXVl.— MASTIC SPIRIT VARNISHES. 



A. B. 

c. 

D 

E. F. 

Mastic (lb.) 

6 7 

6 

30 

80 10 

Camphor (oz.) 

— — 

8 


— — 

Rosin W.W. (lb.) 

— — 

— 

; 20 i 

20 85 

Dammar (lb.) 

— — 

— 

: 80 

20 20 

Turps (gal.) 

: ^ ^ 

1 

1 10 

1 

10 10 


A Finest, B Finest Strong, C Finest Camphorated, D Fine, E Mastic, 
F Common. 


Cerulline — A Spirit Varnish Enamel, — Cerulli prepares a paint 
for application to plaster, cement, stone, or any hard substance with- 
out using oil or oil-varnish as a component material. 

1 Pure methyl alcohol. 
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For enamel paint destined to exhibit a bright surface, a solution 
of mastic is prepared by dissolving 355 grammes of mastic in the 
drop form, and 50 grammes of lavender oil in 1 litre of turpentine, 
the whole being heated at 100® C. (212® F.) on the water- bath, and 
filtered in a lukewarm condition. 

On the other hand, 365 grammes of powdered pigment are 
thoroughly mixed by milling with 200 grammes of weak caoutchouc 
mordant, the resulting paste being set aside in a closed receptacle 
for twenty-four hours. Tt is then liquefied and made ready for use 
by the addition of some of the mastic solution, care being taken to 
have the whole very thin, as it tends to thicken afterwards. If de- 
sired to be very hard, it may be thinned down with lavender oil, oi‘, 
preferably, with turpentine slightly acidified by the addition of four 
drops of nitric acid per litre. 

For dull-surface paints the same ingredients are supplemented 
by a solution of 20 parts of virgin wax in 100 parts of ordinary 
petroleum, prepared over the water-bath. 

The subjoined formulffi show the proportions more exactly : — 

TARLE CXVIL--CE11ULL1NE SPIRIT VARNISH ENAMEL. 


A. 


MASTIC SOT^UTION. 

Turpentine HH2 

Gum luastio t, 

Tjavender oil oO „ 

Heat on the water-bath at 100’ C. for six hours. 


R. 

PETROLEUM SPIRIT SOLUTION. 

Petroleum spirit ^00 gnus. 

Virgin wax ” 

Lavender oil 

heated together on the water-bath for three hours. 

C. 

LUSTROUS ENAMEL PAINT. 

Powdered pigment 

Weak mordant 

Mastic solution 

Acidified eBsontial oil 

mixed, and left at rest for twenty-four houi’S. 

D. 

MATT ENAMEL PAINT. 

Powdered pigment . . ... 

Weak mordant 

Mastio solution 

Wax-petroleum solution 


. 365 grms. 
. 200 „ 

. 400 „ 


. .365 grms. 
. 200 „ 

. 200 „ 

. 235 „ 
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These paints are very slow in drying, and if desired to dry 
quickly, must be mixed with a little siccative oil. 

IX. Matt Varnishes . — This class of varnishes finds an extensive 
. use in many industries, a comparatively recent application being the 
dipping of electric light lamps in a spirit matt varnish, so as, in a 
• measure, to deaden somewhat the glare of the electric light. For this 
purpose they may be either colourless or coloured. If desired coloured, 
any of the numerous colouring principles soluble in spirit may be 
used. But, independent of this perhaps limited and rather exceptional 
use, spirit matt varnishes find a wide application in all numerous 
instances where it is desired to impart a dull lustre to polished or 
varnished surfaces. The matt varnish in question must be of such a 
composition and of such a nature as not to remove or alter in any way 
the polished surface or coating of varnish on which it may be applied. 
Both spirit varnishes and W’ater varnishes arc used for this class of 
work. In the selection of colours, care must be taken to use only 
those which do not dry with a fluorescent surface. Moreover, the 
coating must not be granular or powdery, so as to give rise to a 
whitish, unpleasant appearance. Water-matt varnishes are made by 
dissolving shellac in borax, soda, ammonia, or potash, heat being 
applied until solution is effected. The liquid is then filtered, diluted 
with water, and coloured with a suitable colouring principle, such as 
Cassel brown, lampblack, etc. 

liclis Matt Varnishes . — Reh makes a matt varnish, the manu- 
facture of which is rather complicated and involved. First of all, he 
makes three mixtures as follows : — 

I. (a) 60 parts of turpentine ; (b) 6 parts sugar of lead ; (c) 20 
parts of absolute alcohol, b and c dissolve with the aid of heat, and 
add to a. 

II. 8 parts of camphor and l A parts of spermaceti. Mix to- 
gether by melting. 

III. 3 part of Manila copal, 2 parts of methylated spirit. Dis- 
solve in the cold, and filter. 

TABLE CXVIIL— FINISHED MATT VARNISH. 


PartH l»y Wfi^lit. 

Mixture 1 12 

Sp.ritK of turpentine 0 

Mixture II 


This gives a turbid solution, which is clarified by vigorous agita- 
tion wdth methylated spirit 86 parts, after which add mixture III. 30 
parts. This varnish may be applied either with a brush or with a 
wad. 

Bell's Black Matt Varnish. — It may be coloured black as 
follows : — 

PartH by Weij.'bt. 

Matt vrtimiKh 000 

XigTOsine Kolution 0 

Methyl violet solution 1 
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Gawalowsky makes his matt varnish as follows : — 


Parts by WeiRht. 

Heed lac 120 to 140 

AiiimoDia 00 „ 110 

diluted with 

Water 800 

TiO^^wood extract (Holution of) 12 

Sulphate of copper ....... 0*1 

Sugar of lead 0*1 


Enough lampblack is added to yield a deep black. 

Matt Varniah for Metals. — A very dilute solution of shellac in 
methylated spirit coloured by a dilute solution of red or yellow grass- 
ti-ee gum in the same solvent. 

Another formula is : — 

PiirtH by Weight. 

Methylated spirit 20 

Spirits of turpentine 0 

Hiiiidtirach 6^ 

Venice turpentine 16 

Coloured with vegetable colouring principles, wdiich always give 
the best results. The “ bloom ” of aniline dyes debars them. 

The following are the compositions of a few spirit matt 

varnishes *. — 

lb. oz. 

Sanilarach — 0 

Mastic — 2 

Ether 6 0 

lien/ol 1^ to 4|^ lb. 

In another formula the ingredients are : — 

lb. 

Sandiiracth 1 

Ether 10 

Toluol 0 to 5 

Again, a spirit varnish used for this purpose in Switzerland 
would appear to be a sort of highly dilute patent knotting, viz. : — 

Alcoholic solution of shellac 1 Ih. 

Metliylated spirit 2 gals. 

Matt Varnishes, — In the preparation of matt spirit varnishes 
use may be made of mixtures of acaroid resin solutions with Manila 
copal dissolved in spirit; and additions of fine starch, gypsum, 
fullers’ earth, and other loading ingredients are also used to pro- 
duce a matt effect. There being no black or dark resin that is 
soluble in spirit, it is necessary to darken spirit varnishes with 
lampblack, no more being used than is necessary to impart the 
desired depth of colour. Spirit varnishes can also be made to dry 
matt by admixtures of solutions of celluloid or collodion w^ool and 
benzol or turps; but the former, in admixture with water and 
ammonia, which re-dissolves the precipitated resin, mostly dries so 
irregularly and stripy that it is generally unsuitable for large sur- 
faces. A volatile colourless matt varnish may be prepared by mix- 
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ing, about 25 per cent of French or American' turps with 75 per 
cent of 95 per cent spirit, any tendency to separate on standing be- 
ing counteracted by the addition of small quantities of one or other 
ingredient, until the resulting liquid is perfectly clear. This pro- 
duct is then used for dissolving 15 to 20 per cent of sandarach and 
3 to 5 per cent of larch turpentine, and filtered, the varnish being 
coloured if desired. Another formula consists in dissolving 5 parts 
of Manila copal and 5 of red acaroid resin in 20 parts of spirit. 
According to a third recipe, 18 parts of sandarach and 4 of mastic 
are dissolved in 192 parts of ether, and treated with an addition of 
40 to 144 parts of benzol. Btill another recipe is composed of 25 
parts of garnet shellac, 5 of larch turpentine, 100 parts of spirit, and 
10 parts of boric acid. 

ViHitin(j-car(l Matt Varnish. — Bleached shellac 100, glycerine 20, 
galipot 20, methylated spirit 200, ethyl ether 100. 

Matt Varnish for Photographer s Work. — Four lb. dammar are 
dissolved in 30 lb. toluene by heating to 40'* C. and the solution 
mixed with constant shaking w’ith an ethereal solution of sandarach 
(10 lb. to 30 lb.) ; finally a very little absolute alcohol is added. 

Iliujue's Completely Colourless Matt Varnish consists of 40 oz, 
of sandarach dissolved in 500 oz. (wt.) of ether, and 10 oz. of Canada 
balsam added. 

Photographic Matt Varnish. — Sixty lb. of sandarach and 1 of 
Venice turpentine are dissolved in 50 lb. of ether, and when solu- 
tion is complete 20 lb. of benzol are run in as a thin stream with 
constant stirring. A sample is spread on glass, and put away out 
of contact with dust for about ten to fifteen minutes. If dry and 
shiny at the end of that time, the mixture needs more benzol, but, 
not more than 24 parts of this latter should be used in all, as other- 
wise the varnish would be cloudy, and the surface too rough. The 
varnish is very fluid, but covers perfectly, and is harder than any 
other of the kind. 

Varnish for Doll-makers. — (1) Five parts of white wax are dis- 
solved in 25 of ether, and then mixed with 100 parts of collodion 
and l-20th part of oil of rosemary. (2) Two parts of French resin 
and 6 of pale Manila copal are dissolved in 52 of ether, and well 
mixed with 32 parts of collodion. 

Picture-frame Varnishes. — Dull varnishes for picture frames 
may be prepared from the following stock solutions : No. I. : Palest 
Manila copal 60 parts, thick turpentine 10, in 85 parts of spirit. 
No. II. : Sandarach 60 parts, thick turpentine 10, in 85 parts of 
spirit. No. III. : Acaroid resin (pp. 235-7) 70 parts, in 76 parts of 
spirit. Varnish No. I. consists of 2 parts of solution I., 1 part of No. 
II., and 2 parts of No. III. Varnish No. II. is a mixture of equal parts 
of solutions Nos. II. and III. Both may be converted into black 
varnishes by incorporating with them 2 to 3 per cent of nigrosine, 
Acaroid resin has not made much headway in varnish-making, for 
one reason, because of its dark colour, and because it does not mix 
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well with Manila copal. In times, however, when shellac is very 
dear, as often occurs, acaroid resin forms a very useful adjunct, being 
cheaper and much harder than Manila copal, besides mixing with 
resin and sandaraoh. Although when newly applied to glass these 
mixed varnishes are cloudy, this defect vanishes in the oourse of a 
few weeks. 

Some Additional liecipes for Matt Vamuhes . — Dissolve caout- 
chouc or uhvuloanized india-rubber in mineral naphtha, and then 
add sufficient asphaltum to make the compound of a suitable consist- 
ence. To get the asphalt to dissolve, stand the vessel in another 
vessel containing boiling water so as to effect solution at a moderate 
heat. This is necessary so as to avoid vapourizing the spirit, which 
would then ignite if near a naked flame. A flexible, dull varnish for 
metals, leather, wood (non-porous), and other materials is prepared 
by dissolving black india-rubber in oil of turpentine, and then mixing 
in sufficient lampblack to make the compound of a suitable consist- 
ence to dry without a gloss. Another dull varnish for metals is pre- 
pared by rubbing up good lampblack with oil of turpentine, and 
then mixing this with a little copal varnish — just sufficient to cause 
the varnish to attach itself to the metal, but not sufficient to enable 
it to dry with a gloss. The following varnishes are suitable for 
wood, metal, paper, and non-porous materials. A coat of size should 
be first laid on : No. 1 : 2 parts mastic in “ tears (i.e. not ground), 
8 parts sandaraoh (ditto), 96 parts methylated spirit, 31 parts ben- 
zol, lampblack q.a. Dissolve the resins in the mixed spirit, and 
then grind up the lampblack in the varnish thus prepared, using 
sufficient to dry without a gloss. No. 2 : 9 parts sandarach resin, 
2 parts mastic, 100 parts sulphuric ether, 40 to 50 parts benzol, 
lampblack q.s. Prepare as in No. 1. Colour methylated spirit 
with aniline black, and then dissolve therein a few per cents of 
benzoin and 1 per cent of boraoic acid. [All parts by weight.] 

TABLE CXVIIIa.-^WATERPHOOF VARNISH FOR BEACH SHOES. 


Water in galR. . 

A 

. 15 

B 

15 

C 

15 

Borax in lb. . . . 

6 

5 

5 

Glycerin in lb. . 

3 

2 

2 

Ijiquor ammoniac 0*880 

1 

1 

0*25 

Shellac in lb. . 

. 25 

22 

25 

Dye yellow in lb. 

1 

0 

8 

Dye brown in lb. 

. 

0*3 



Dye orange in lb. 

— 

1*0 

0*3 


A = Yellow ; B Brown ; C = Pale Brown. For A and C use Bleached 
Shellac and for B Garnet. 


25 



CHAPTER XXV. 


ROSIN SPIRIT VARNISHES— SANDARACH SPIRIT VARNISHES— SHELLAC 

WATER VARNISHES— SHELLAC SPIRIT VARNISHES— SPIRIT VAR- 
NISH ENAMELS-SUNDRY SPIRIT VARNISHES. 

X. Bosin Spirit Varnishes . — Methylated spirit if of full strength is 
a good and cheap solvent for rosin, far better than spirits of turpen- 
tine, it is, in fact, a great mistake to use either spirits of turpentine 
or any variety of turpentine oleo-resin in a varnish in which rosin is 
the only solid. Both the essential oil and the oleo-resin accentuate 
in the worst possible manner the tackiness of rosin. Most text- 
books are very misleading in this respect ; as a rule, they say rosin 
varnishes, cheap but not durable, are improved by a little Venice 
turpentine, sandarach, or mastic. The tw^o latter may improve 
solutions of rosin in methylated spirit in regard to brittleness, but 
Venice turpentine if it improves the brittleness slightly accentuates 
the tackiness. By far the best solvent for rosin is clean, well-recti- 
fied petroleum naphtha or coal-tar naphtha, especially the variety of 
coal-tar naphtha known as solvent naphtha, and the best addition 
is fused linoleate of lead dissolved in naphtha. Should the makeri 
however, have a predilection for the addition of solid turpentine in 
the form of an oleo-resin, then let him use Burgundy pitch and not 
Venice turpentine, which is a very viscous, tacky substance and slow 
to dry, and that notwithstanding that some authors do not consider 
a varnish formula complete without it. Rosin solvents take from 
one to one and a half times their own weight of rosin to make a decent 
varnish. Ten lb. of rosin to the gallon of turps, methylated spirit, or 
naphtha is quite thin enough for many purposes. Just as naphtha 
is the best solvent for rosin, so also is a naphtha solution of dammar 
one of the best additions than can be made to a naphtha rosin 
varnish, say 10 per cent of dammar in its own weight of naphtha 
on the weight of the rosin, or the proportions might be varied thus, 
when a methylated spirit solution of rosin is used : — 


TABLE CXIX.— ROSIN SPIRIT VARNISHES. 


Rosin . 

DO^lb. 

B. 

90 lb. 

Sandarach . 

— 

10 „ 

Dammar 

10 lb. 



Methylated Bpirits 

— 

10 galB. 

Naphtha 

10 gale. 

— 


( 386 ) 
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Attacking both resins conjointly with the solvent, labour is saved. 
Sandarach or shellac is the best addition to methylated spirit solu- 
tions of rosin, but then the vendor, or rather the maker, does not sell 
them as rosin varnishes, but as shellac or sandarach varnishes 
respectively. Solutions of rosin in naphtha pure and simple are used 
as vehicles to coat iron drums, kegs, and it is said even ships’ bottoms, 
mixing with lampblack for black, Venetian red and red lead mixed 
for red, Brunswick green for green, and so on. Such varnishes 
would be greatly improved by an addition of pure well-boiled linseed 
oil. A varnish for toys and common articles is made by simply 
dissolving French or American rosin in methylated spirits. The 
process is similar to that given for shellac varnish. The colour 
varies with that of the resin used. Generally Venetian turpentine is 
added. 

The general formula is : — 

Bosin 20 parts. 

Alcohol, 05 per cent 12*7 to 14*5 parts (wt.). 

There may be added : — 

Venice turpentine 8*6 parte (wt.). 

If spirits of turpentine be the solvent used, as rosin is very 
soluble therein, the operation may be done in the cold, but heat 
acclerates solution. 

If with a view of improving the varnish Venice turpentine, 
sandarach, or mastic be added to the resin, they are all cautiously 
melted together, and when the mixture is homogeneous the spirits of 
turpentine is added after withdrawing the vessel from the fire. 

The usual formula is ; — 


Bosin . . . . 

Spirits of turpentine 
Venice turpentine i 
Sandarach or mastic I 


20 parts (wt.). 


12 „ 
6 to 40 „ 


M 

If 


But it is then necessary to increase the proportion of spirits of 
turpentine, allowing 3 to 6 parts of spirits for each part of substance 
other than resin. 

Sometimes rosin varnish made with turpentine if kept in a rather 
warm place turns turbid. It may be clarified by heating and adding 
5 per cent of spirits of turpentine. 

Briers with a Bosin Base . — Filsinger has proposed to replace oil 
driers by a mixture which approaches them very closely in their 
result. The principal ingredient is a rosin soap, prepared as follows : 
In a copper pan 50 lb, of caustic soda are dissolved in 15 lb. of 
water, and brought to the boil, then 100 lb. of finely ground rosin 
are added, with constant stirring, and the liquid heated until limpid. 
The whole is allowed to cool, and the solution decanted from the 
resin soap in the bottom. This soap is dissolved in a small quantity 
of water, to which has been added a little sal ammoniac. The pig- 
ments are ground with this mixture. A paint is thus obtained which 
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dries quickly, and which will take a coat of varnish, but if the process 
is economical and the appearance pleasant, the durability on the other 
hand is but very poor and the rationale of the process is very crude, 

Bosin Water Varnish . — Rosin 8 lb., soda crystals 8 lb., water . 
2 gallons ; boil until all the rosin is dissolved (formation of sodium 
rosinate). The soda crystals should be free from Glauber’s salts. 

XI. Sandarach Sjnrit Vamuhes , — This white hard spirit varnish 
is used for labels, placards, papier mfl.chd work, turned articles, card- 
board, leather, wood, and metals. Methylated spirit is the solvent 
for sandarach, but sometimes spirits of turpentine is used in conjunc- 
tion with the former. The varnish is straw-yellow to deep yellow , 
according to the colour of the sandarach, with a beautiful lustre in 
thin coats. Venice turpentine, Burgundy pitch, etc., are added, 
to give elasticity, (1) Livache gives the general formula as san- 
darach 5 lb., Venice turpentine 3 to 5 lb., alcohol 95 per cent 15 to 
24 lb. (2) In varnishes used to fix drawings and water-colours, etc., 

• expected to give a thin coat, the alcohol may run to 45 lb. (3) For 
use on wood the 5 lb. of Venice turpentine may be replaced by 2 lb. of 
elemi or mastic ; or (4) by adding 5 lb. of a solution of equal parts of 
rosin and shellac dissolved in 95 per cent alcohol. (5) On metals a 
mixture of mastic, shellac, and benzoin ; or (6) a mixture of mastic and 
Venice turpentine may replace the mastic, and instead of alcohol a 
mixture of equal parts of alcohol and spirits of turpentine is used. 
(7) A flexible varnish is made by melting 4 lb. of sandarach and 2 lb. 
of rosin and dissolving in 1 gallon of spirits of turpentine and adding 
a solution of rubber in coal-tar naphtha. (8) A negative varnish: 
dissolve lb. of sandarach in a gallon of methylated spirit. To 
prevent dullness in drying add oz. of spirits of lavender. (9) 
Valenta’s negative varnish : dissolve on the w^ater-bath 10 lb. of 
sandarach in 4 gallons of benzol, 4 gallons of acetone, and 2 gallons of 
absolute alcohol. The materials are heated together on the w’ater-bath. 


TABLE CXX.-WHITE SPIRIT (SANDARACH) VARNISHES FOR WOOD.i 



A. 

B. ; C. D. 1 K. 

F. 

G. 

H. 

I. 

j. 

K. 

L, 

M. 

Sandarach 

86 

B 25 : 5 : 12 

20 

3 

36 

3 

50 

8 

15 

3 

Bleached amber 


1 

— 

— 

— 

!i 

12 

— 

— 

— 

Mastic . 

25 

B , — 5 16 

5 

— 

36 

1 

36 

— 

— 

1 

Copal 

— 

;« 

- 

- 

12 

- 

|12, 

'(251 


5 

- 

1 Venice turpentine . 

50 

3 12 - 5 

10 

a 

- 

1 


1 

- 


Spirits of lavender . 

— 

1 


— 

36 



— 

16 

Methylated Bpirit . 

BOO 

4g 100 60l66 

80 

16 

400 

12 

400 

15 

80 

Ether 

Spirits of turpentine 



- — 10 

7 1 iojs 

10 

I 

— 

2 

— 

1 

— 

— 

Ground glass . 

— 

— 

— 

— 

— 

— 

. 2 

Elemi . 

— 


1 






« i 



All ingredients in lb. except g = gals. 
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A, “ colourless varnish. B, similar to A, but not so durable. C, 
similar to A and B (sometimes perfumed by adding benzoin) ; does 
not dry well but is rather durable. D, for same purpose. E,' ditto. 
F, bright varnish for wood subject to friction, chairs, fans, etc. G, 
the Venice turpentine is melted in a well-glazed pot and the pulver- 
ized sandarach added with constant stirring. The melt is poured 
into cold water and the solid product crushed and dried at a gentle 
heat, again ground and dissolved. Dries with brilliant lustre but 
slowly. H, made like G ; the copal, slightly moistened with a few 
drops of lavender, is gently fused in a glazed pot and run on to a 
cold marble slab, then ground. This powder is mixed with the san- 
darach and mastic and dissolved on the water- bath. The lavender is 
added after solution. The copal may be increased to the benefit of 
the varnish. I, made similar toH. The Venice turpentine is added 
after the remainder is dissolved in alcohol. J, a mixed varnish, 
rivalling good copal varnish. The resins are crushed (the copal 
moistened with alcohol), mixed, and used very dry; they are put. 
into a matrass and the alcohol run on to them. After solution on the 
sand-bath the Venice turpentine is added and the whole filtered. 
K, for same purpose as J, dries less rapidly. L, flexible for thin 
wooden objects. M, furniture varnish. 

TABLE CXXI.-MIXED SANDARACH SPIRIT VARNISHES (FOR COPPER- 
PLATE ENGRAVINGS). 



T. 

II. 


lb. 

lb. 

Sandarach .... 

12 

16 

Mastic 

4 

16 

Copaiba balBam 

2 



Elemi 

, , , . 

80 

Venetian turpentine 

. . . . H 

4 

Methylated spirit (gals.) 

5 

8 


TABLE CXXII.-MIXED SANDARACH SPIRIT VARNISHES (FOR OIL 
PAINTINGS). 


Sandarach 

I. 

16 lb. 

II. 

24 lb. 

Mastic 

. 5 „ 

4 „ 

Copaiba balsam .... 

2 „ 


Spike oil 

— 

14 gals. 

Absolute alcohol .... 

, — 

2f „ 

Methylated spirit .... 

. 6 gals. 

6 „ 

Venice turpentine .... 

81b. 

— 

Turps 

. 6 gals. 

— 


Bussian Leather Varnish . — 20 lb. sandarach ; 10 lb. mastic ; 2 lb. 
Venice turpentine; 1 lb. elemi; 1 lb. castor oil; 2 lb. birch-tar 
oil ; 1 lb. fuchsin or ponceau for red ; 8 lb. nigrosine for black ; 
methylated spirit 20 gals. 
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TABLE CXXIII.-SANDARACH VARNISHES FOR VARIOUS PURPOSES. 


1. Paper Varnish. 4. Pale Bookbinders’ Varnish, 


Australian sandarach 

. 50 lb. 

Australian sandarach 

. 50 lb. 

Venice turpentine . 
Methylated spirit . 

. 30 „ 

Venice turpentine . 

. 35 „ 

. 18 gals. 

Methylated spirit . 

. 21 gals. 

2. Paper Varnish, Second 

QUAIilTY. 

5. Varnish for Black and White 
Drawings. 

Australian sandarach . 

. 50 lb. 

Australian sandarach 

. 20 lb. 

Burgundy pitch 

. 30 „ 

Venice turpentine . 

. 20 

, 22 gals. 

Methylated spirit . 

. 18 gala. 

Methylated spirit . 

3. Sculptors’ Varnish. 

6 . Water-Colour Varnish. 

Australian sandarach 

. 40 lb. 

Sandarach 

. 40 lb. 

Venice turpentine . 
Methylated spirit . 

. 30 „ 

Venetian turpentine 

. 40 

. 20 gals. 

Methylated spirit . 

. 17 gals. 


7. Varnish kor Silver. 



Sandarach . . . . 40 lb. 

Venice turpentine . . . BO „ 

Methylated spirit . . . ^als. 


TABLE CXXIV.-MIXED SANDARACH VARNISHES FOR VARIOUS 
PURPOSES. 


1, Sandarach . 

. 60 lb. 

3. Sandarach . 

30 lb. 

Mastic 

. 60 „ 

Mastic 

20 

Venice turpentine 

. 30 „ 

Rosin 

20 „ 

Methylated spirit 

. 20 gals. 

Venice turpentine 

10 „ 



Methylated spirit 

18 gals. 

2. Sandarach . 

. 301b. 

4. Sandarach . 

80 lb. 

Rosin . . 

. 20 „ 

Rosin 

20 „ 

Burgundy pitch . 

, 10 „ 

Elemi 

10 „ 

Methylated spirit 

. 12 gals. 

Methylated spirit 

12 gals. 

TABLE CXXV.-SOUNDING-BOARD VARNISH. 


Sandarach . 


. 100 lb. 


Mastic 


. 12 „ 


Copaiba balsam , 


. 10 to 12 lb. 


Castor oil . 


, 1 to li „ 


Methylated spirit 


. . . . 60 gals. 


TABLE CXXVI.— sandarach WHITE HARD SPIRIT VARNISHES. 

A. Cheap Sandarach White Hard 

’D. Sandarach White Hard Spirit 

Varnish. 


Varnish. 


Sandarach 

. 32 lb. 

Sandarach 

. 46 lb. 

Pale rosin 

. 48 „ 

Pale rosin 

16 „ 

Methylated spirit, 64 O.P. 

. 8 gals. 

Methylated spirit, 64 O.P. 

8 gals. 



E. Extra Stout Genuine Sandarach 

B. Sandarach White Hard Spirit 

White Hard. 


Varnish. 


Sandarach 

13 lb. 

Sanarach 

. 35 lb. 

Methylated spirit, 64 O.P. 

2 gals. 

Pale rosin 

. 36 „ 



Methylated spirit, 64 O.P. 

. 8 gals. 

F. Best Sandarach White Hard. 



Sandarach 

10 lb. 



Methylated spirit, 64 O.P. 

2 gals. 

C, Sandarach White Hard Spirit 



Varnish. 


G. Stout GENUI^K Sandarach Whit* 

Sandarach 

. 40 lb. 

Hard. 


Pale rosin 

. 26 „ 

Sandarach 

12 lb. 

Methylated spirit, 64 O.P. 

. 8 gals. 

Methylated spirit, 64 O.P. 

2galB. 
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The above formulse show in a very marked manner how the 
amount of solids must be increased per gallon when rosin is used so 
as to get a varnish with sufficient body. 

TABLE CXXVIL-SANDABACH WHITE HARD SPIRIT. 


Sandarach 

50 

20 

6 

25 

50 

Venetian turpentine 

n 

— 

— 

16 

— 

Elemi 





— 

— 

Mastic 



10 

a 



— 

Rosin 



10 







Camphor 

! 

2 



— 

— 

'Thick turpentine 

— 1 



— 

— 

80 

Methylated spirit 

150 

120 

150 

100 

1 

160 


TABLE CXXVHI.— TRANSPARENT VARNISH. 

VaitH by Weight. 


Powdered eandaracli 4 

Venice turpentine 7 

Spirits of turpentine 28 


Dissolve the turpentine and the powdered gum sandarach over 
a water- bath in the spirits of turpentine. Before this varnish is 
used the bottle should be exposed to the sun for about an hour. 

-TABLE OXXIX. -^VARNISH FOR STEEL (DRESS SWORDS, ETC.). 

Parts by Weight. 

Sandarach 15 

Small maiitic . 10 

Elemi . . . . 5 

Camphor ......... 8 

Dissolve the whole over the water-bath in sufficient methylated 
spirit for the purpose. This varnish is used cold. It preserves 
the blade from rust, and is transparent. 


TABLE CXXX.-VARNISH FOR POLISHED COPPER. 


Parts by Weight. 

Sandarach 110 ' 

Rosin 30 

Glycerine 5 

Dissolve the two resins in sufficient spirits of wine and add the 
glycerine. 

TABLE CXXXI.-WH1TE AND BROWN HARD SPIRIT VARNISHES. 


1. Best White Hard Varnish : — 

Sandarach . . . . (30 lb. Methylated spirit . 

Fine rosin . . . . 140 „ 

2. Ordinary White Hard Varnish : — 

Manila oopal . . . . 60 lb. Methylated spirit . 

Rosin 140 „ 

3. A specially Fine White Hard Varnish : — 

Clean sandarach ... 30 lb. Methylated spirit . 

Manila . . . ^ . . 20 „ Pale rosin . 


. 20 gals. 


. 28 gaU. 


. 10 gals. 

i 60i ,, 
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Brown hard varnishes almost always contain a certain proportion 
of garnet shellac, but this can, with careful blending of the other 
resins, be reduced. In the cheapest grade of brown hard, some 
makers put only a small proportion of garnet shellac into the mix- 
ture and tint to a suitable brown colour by a soluble aniline dye. 

TABIJi: CXXXIT.-GIVIXG SEVFJlAJj TYPICAL FOllMTTL.E FOR MAKING 
SANDARACH SPIRIT VARNISHES. 


Sandarach (lb.) . 


. 50 

40 

20 , 

20 

20 

Burgundy pitch (lb.) . 


. 70 

110 

50 

50 

.SO 

Methylated spirit (gal.) 


. 24 

20 

10 

10 

8 


TABLE CXXXIII.— FORMl’L.E FOR MORE DURABLE SANDARACH 



VARNISHES. 





1)>. 

lb. 

Sandarach 


ao 

GO 

Mastic 


20 

30 

Burgundy pitch 

. . . 

H 


Methylated spirit (gaL.) . 

IH 

IH 


XII. Shellac Water Varnklm . — Before describing the manu- 
facture of shellac spirit varnishes, it will be well to deal first of all 
with the shellac varnishes known as water varnishes and ammonia 
varnishes. The water varnishes are obtained by dissolving shellac 
in a solution of borax. One part of borax is dissolved in 20 parts 
of hot water ; it is preferable to take distilled water ; to this solution 
there is added, little by little, 3 parts of w'hite shellac, taking care 
each time not to add any more until the previous lot is dissolved. 
The whole is allowed to stand, and the wax eliminated from the 
shellac is separated by filtration. 

The solution may either be applied to leather already stained 
black, or the solution itself may be stained with aniline black before 
application to the leather. In either case a fine effect is obtained. 

TABLE CXXXIV.-1.EATHER VARNISH. 


Orange ahellac lb. 

Borax | „ 

Water a gaU. 

Boil until rliRBolved. Cool. 


TABLE CXXXV.-REAL ENGLISH LEATHER POI.IHH (BLACK). 


Take- 

Water 

Borax 

Best logwood extract 
If Bhellao 
Bichromate 
Sal ammoniac . 


22 galR. 
Hlb. 

4 „ 

24 „ 

8 „ 

2 „ 


Boil up the water, and then dissolve the bichromate in about 2 
gallons of it. In the remainder of the water, which is still of coarse 
being heated, dissolve first the borax and then the logwood. Then 
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add the shellac gradually at the boil. When the stuff has been 
stirred, still at the boil, for about ten minutes dter the solution of the 
shellac, it is ready to be poured out into another vessel where the sal 
ammoniac is added to it and the bichromate solution already pre- 
pared. The latter is added in small portions with constant stirring. 
If the total weight is less than 250 lb. dilute to that with water. To 
be applied without brushing. 

Ammonia varnish is used by hatters to replace the alcohol solu- 
tion. Three lb. of orange shellac, 10 lb. of sal ammoniac, 6 to 8 
gallons of water, are shaken in a flask. After twelve hours con- 
tact the whole is heated until completely dissolved. 

The ammonia varnish, with the addition of alcohol, constitutes 
the crystal varnish used for photographic negatives. Alcohol would 
give an opaque coating, whilst ammonia gives a brilliant one. 
Valenta dissolves ammonia gas in absolute alcohol ; to 100 oz. of 
this solution 8 oz. of shellac are added, and on heating on the water- 
bath a yellow liquid is obtained. The proportion of shellac may be 
increased, so as to have a better bodied varnish. If liquor ammonia 
be used, the coating does not dry so well. 

Borax Stiffening for Hats (Ure). — Shellac 7 lb., amber rosin 1 lb., 
gum thus 4 oz., mastic 4 oz., borax 6 oz., copal spirit varnish \ pint. 
The borax is first dissolved in a little warm water, say 1 gallon, and 
the solution run into a copper heated by steam, together with the 
resins, and boiled till of proper consistency. If it sets when run on an 
inclined cold slab it requires more water. When the resins seem 
dissolved a half-pint of wood naphtha is added and the copal varnish. 
The solution is then run through a sidve, when it is perfectly clear 
and ready for use. The comparative merits of alkaline versus 
alcoholic solutions of shellac in improving hats are discussed in the 
Chemistry of Hat Manufacture,” by Watson Smith (Scott, Green- 
wood & Son), pp. 63-8. 

Bronze Blue Coloured Boot Water Varnish. — Shellac 10 lb., 
aniline blue 1-^ lb,, water 2 gallons. Dissolve. 

Negative Water Varnish. — Bleached shellac 2 lb., borax i lb., 
soda 12^ lb., glycerine 1 to 3 oz. Make up to 2 gallons with water. 

Black Leather Varnish. — Shellac 2 lb., borax 2 lb., water 1 gallon. 
Boil till dissolved, and then 2 lb. logwood extract and 2 lb. green 
vitriol in quarts of water are incorporated by boiling and con- 
stant stirring. This varnish is greenish, but dries black. 

Antiseptic Water Varnish for Walls. — Borax 10 lb., caustic soda 
5 lb., are dissolved in 40 gallons of boiling water and 46 lb. of 
shellac run into the solution with constant stirring when it is luke- 
warm ; there are then incorporated 26 lb. of 90 per cent pure carbolic 
acid. Before this solution becomes thick the whole is thinned down 
with one-third of its volume of water. 

Water Varnish for Floors. — Shellac 5 lb., soda crystals 3 lb., 
water 3 gallons. Boil till dissolved. 

Coloured Water Varnish for Floors. — Shellac 4 lb., soda crystals 
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2 lb., J.F.L.S. oohre 10 lb,, water 2 gallons. Dissolve the shellac 
and the soda in the boiling water and then stir in the ochre. 

Washable Wallpaper Varnish. — Shellac or stick lac 30 lb., borax 
30 lb., water 20 gallons. Boil till dissolved, filter ; when applied on 
wallpaper with a smooth brush it dries with a fine gloss. Two coats 
are given ; the second, after the first has dried, is applied in the same 
way as the first, with a smooth brush. The above varnish is for 
dark papers. If required for light paper the shellac is replaced by 
sandarach. 

MarqneUp Woodstains, — Dissolve 1 lb. of shellac in a gallon of 
water by the addition of -J lb. of borax, and colour by the addition of 
about 2^ oz. of the water stain in powder. Use garnet shellac for 
ebony, walnut, green, rose- wood ; orange shellac for oak, mahogany, 
blue, red, and yellow birch ; bleached shellac for pine, satin-wood, 
maple. Any dealer in aniline dyes will supply appropriate stains. 

TABIiE CXXXVL-VARNISH TO PREVENT HUMIDITY ON A PAINTING 
ON GLASS. 

Bleached shellac 27 to 112 o/.. 

Borax H „ 

Carbonate of soda .... 2 „ 

Glycerine , , . . . . 1 to 2 „ 

Water ....... 2 ^als. 

Dissolve borax in 1 gallon warm water, then add the borax and 
heat until the shellac is dissolved ; allow to cool, filter, and afterwards 
add the glycerine and remainder of the water. Let the mixture re- 
main undisturbed until a deposit is formed, then filter off the clear 
fluid for use. 

Floor Polish Becipes, — The following formulaj are said to yield 
good floor polishes, which have the added merit of being cheap : 
Stearine 100 parts, yellow beeswax 25, potassium hydroxide 60, 
yellow laundry soap 10 parts. Water and colouring matter are 
added to suit. Heat together until saponification takes place. An- 
other excellent formula is the following : Beeswax (yellow) 25 parts, 
yellow laundry soap 6, glue 12, soda-ash 25 parts, water and 
ochre a sufficient quantity. Dissolve the soda-ash in 400 parts 
of water ; add the wax and boil down to 250 parts ; then add the 
soap. Dissolve the glue in 100 parts of hot water, stir in the ochre 
and mix with the saponified wax. The following is recommended 
for light, unstained parquette floors: White .wax 75 parts, bleached 
shellac 75 parts, clear rosin (transparent) 6 parts, turpentine 100 
parts, methylated spirit 400 parts. Melt the wax, shellac, and rosin 
together, remove from the fire, let cool down somewhat, and add the 
turpentine with constant stirring. Warm the alcohol carefully to 
near the boiling-point — this must be done on a water-bath — then 
add to the other mixture with rapid and constant stirring. This 
preparation should be slightly warmed before applying, and the 
floor afterwards polished with woollen cloths. [All parts by weight.] 
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Mixture for Preserving Wood Floors. — The following is a prepara- 
tion for treating the floors of factories, especially those of the engine 
and dynamo rooms. Five lb. beeswax are mixed with 1 lb. of 
potash boiled in suffloient water to thoroughly dissolve the potash. 
The mixture should be boiled until the water combines completely with 
the wax. The mixture is then taken from the fire, and a quantity of 
boiling water is added, stirring constantly at the same time. It will 
be found, if the process has been conducted properly, that 22 J gallons 
of water can be added to the original quantity, and the substance 
will still retain its homogeneous character, no clear water appearing. 
The mixture is then heated for five or six minutes, but is not allowed 
to boil. It is then taken from the fire and stirred vigorously until 
cool. This forms a sort of cream, which gives a brilliant polish to 
wood in a very little time. It should be applied with a piece of 
linen, and the wood then rubbed with another piece of the same 
material. 

Floor Wax Becipcs . — (1) Spermaceti 4 oz., paraffin wax 4 oz., 
powdered talc 8 oz. Shave the spermaceti and paraffin quite 
fine ; mix with the talc and pass through No. 10 sieve. (2) 
Powdered stearine 20 oz., powdered yellow wax 5 oz., powdered 
soap 2 oz. (3) Yellow wax 8 oz., potassium carbonate 1 oz., 
oil turpentine 1 oz., water 32 oz. Heat the wax and water to 
boiling, add the potash, boil another minute, remove from fire, 
add the turpentine and stir till cold. (4) Yellow wax 5 oz., paraf- 
fin wax 2 oz., stearic acid 10 oz., oil turpentine 6 oz., benzine 
7 oz. Melt together the waxes and acid, add a small quantity of 
burnt sienna, thoroughly mixed with the linseed oil and varnish, re- 
move from fire and add balance of the ingredients. 

TAI3LE CXXXVII.-VARNISH FOR RtJRBER RALJ.OONS. 

I. ir. 

Guiu-arabio . . . rt lb. Dextrin . . . . 7 lb. 

Suj?ar . . . . 2 „ Glue 3 „ 

Water , . . . H Ral. Water . . . 1^ Kal. 

111 . 

White wine . . .7 oz. 

Senegal gum . . . 2 „ 

Molasses . . . • 

XIII. Shellac Spirit Varnishes. — Varnishes made by dissolving 
shellac in methylated spirit (less frequently in wood-spirit) are wddely 
used on wood, metal, flexible objects (e.g. leather, paper, etc.) ; ether, 
spirits of turpentine, benzol, petroleum spirit, are often added to dis- 
solve the wax and get a clear solution, but strong alcohol is then used, 
96 to 98 per cent. A clear, pale varnish is got, it is said, by stirring 
the varnish up for two days with white lead equal in weight to the 
shellac in solution. The varnish after settling out on standing is 
decanted. Bleached shellac or ordinary shellac is used according to 
colour desired. The former is apt to contain chlorine addition or 
substitution compounds, to be guarded against. Oxidizing, bleach- 
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ing agents render shellac much less soluble in alcohol. By covering 
the broken -up bleached shellac with ether and leaving it in contact 
therewith for twelve hours it dissolves more freely, By using 2-i lb. 
of shellac and upwards to the gallon of methylated spirit a turbid 
varnish is got, generally used as such, especially for furniture.* 
From 1 to 3 per cent of Venice turpentine increases the elasticity. 
Adherence to metals is increased by not more than 0*3 to O' 6 per 
cent of boric acid. Graefjer'ti Proem . — Benzene or petroleum spirit 
clarifies an alcoholic solution of shellac by dissolving the wax . Graeger 
eliminates the wax from the shellac, but then the varnish is more 
brittle. He dissolves 1 lb. of shellac on the water-bath in J gallon 
of methylated spirit, and adds distilled water gradually until a cheesy 
mass is deposited and the liquid is clear, which occurs when the 
water is to the alcohol as 1 to 3. The whole is filtered through 
paper and washed with 67 per cent alcohol, i.e. reduced by water to a- 
density of 0‘879, and the residue dried on the water-bath until con- 
stant in weight and then dissolved in 96 per cent alcohol. Venice 
turpentine. Burgundy pitch, clerni are added to shellac leather var- 
nishes after standing some days, and filtration if need be. 

By using double the quantity of alcohol, shellac varnish filters 
more freely. In countries where excise regulations allow, the excess 
of alcohol may be recovered by distillation. Common Shellac Var- 
nislm may be made thus ; the Venice turpentine is melted till it 
fumes, then the shellac is added in two or three portions without stir- 
ring, as the shellac would aggregate into intractable lumps. No more 
is added until the mixture is fluid and homogeneous. When all the 
shellac is in, and the mass fluid, the pan is taken off the fire, cooled 
slightly, and the alcohol added. There are many recipes for elastic 
varnishes, all very different, but the following includes them all : Dis- 
solve 1 lb. of shellac in o lb. of methylated spirit alcohol, say H ib. 
to gallon, and add according to quality, elasticity, etc., desired, either 
mastic, Venice turpentine. Burgundy pitch, sandarach, benzoin, or 
camphor, or mixtures thereof, to the extent of 0‘1 to TO lb. for every 
lb. of shellac, as shown in the following varnishes for very different 
purposes : — 


TABLE CXX.XVIir. -SHOWING COMPOSITION OF SHELLAC SPIRIT 
VARNISHES FOR VARIOUS PURPOSES. 





Leather Varnish. 


VainiMh for 
Bottle Caphuleti. 

Bookbinders’ 
Vamiah. . 

ordinary. 

Nubian 

Blacking. 


lb. 

lb. 1 

lb. 

lb. 

Shellac . 

t 

, 1 

1 

1 

1 

Alcohol, 96 per cent . 

i 

5 

5 

5 

Substances to produce 
elasticity 

1 

1 

0*1 

0*9 

1 

1 

I 

Venice 

.Mastic, 

Venice turpen- 

Cam^or, 


^ turpentine 

I 

Sandarach, 

tine, Mastic, 

Ni^o. 

1 i 

1 

Camphor 

1 

Sandarach 

1 
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The colouring dissolved in a little strong alcohol is then added, 
e.g, alcoholic solutions of dragon’s blood, gamboge, and annatto for 
gold lacquers. If too thick the varnish is thinned down with 
methylated spirit. Iridescent Bronze Varnishes. — Sprays, feathers, 
birds’ wings, coloured by magenta crystals and well dried, are laid 
on filter paper placed above bleaching powder made into thin paste 
with water. The colouring matter is soon oxidized by the escaping 
chlorine and thus produces the iridescence. 

Shellac Spirit Varnishes for Leather. — Dissolve 8 lb. of shellac 
and 3 lb. of wax in 15 lb. of alcohol and 2 lb. of castor oil. The 
whole, heated to a syrupy consistency, is applied with a brush 
moistened in alcohol. Brilliant Leather Varnish. — Digest 2 lb. of 
shellac in 10 lb. of methylated spirit in a closed vessel in a warm 
place for two to three days, stirring daily. Dissolve \ lb. of yellow 
soap in 4 lb. of hot alcohol, add i lb. glycerine, stir well, and add 
to the shellac solution. To impart lustre add ^ lb. nigrosine in l-J 
lb. alcohol and let the whole stand in a warm place for a fortnight. 
But compositions like these are not really spirit varnishes. Black 
Leather Spirit Varnish. — Garnet shellac 15 lb., rosin 5 lb., Venice 
turpentine 1 lb., nigrosine lb., methylated spirit 10 gallons. 
Jet Black China Varnish. — Shellac 10 lb., turpentine 5 lb., logwood 
extract 1 lb., bichromate of potash 1 lb., indigo 1 lb. Dead Black 
Varnish for Leather. — Shellac 20 lb., Venice turpentine 2 lb., yellow^ 
wax 2 lb., methylated spirit 10 gallons. The mixture is heated to 
70® C. (158® F.) and kept at that temperature until all is dissolved. 
One ‘lb. of magnesia is stirred in, after which the solution is filtered 
and then mixed with 1 lb. of carbon gas black, and the bulk made up 
with spirit to 12 gallons. VonBalkts' Leather Varnish. — (A) Eosin 3 
lb., sandarach 6 lb,, Venice turpentine 3 lb., spirits of turpentine 8 
lb. (B) Shellac 12 lb., methylated spirit 11 gallons, lampblack l^lb. 
Dissolve A by the aid of heat and run in B. Black Varnish for 
“ Patent ” Leather. — Garnet shellac 18 parts, dark resin 5 parts, Mar- 
seilles soap 3 parts, Venice turpentine 2 parts, are dissolved in 100 
parts of 95 per cent spirit, and coloured with I J- parts of spirit-soluble 
nigrosine. Leather Var7iish. — Twelve parts of orange shellac, 1 of 
sandarach, 3 of Venice turpentine, 3 of colophony, 0'4 of camphor, 
and 4 of resin spirit, in 90 parts of 96 per cent spirit, and after be- 
ing mixed wuth the colouring matters given below, dissolved in 10 
parts of warm spirit, are clarified and filtered. Colouring matters ! 
For black 1^ parts of spirit-soluble nigrosine ; for yellow 0*6 part 
of spirit metanil yellow ; for orange the same with 0*3 part of spirit 
cerotine orange E. extra, for red 0*8 part of spirit fire-red, for brown. 
0*6 part of spirit Bismarck brown, for green 0*8 part of spirit yellow- 
green. Black Shoe Varnish. — Sixteen parts of Manila copal, 12 of 
sandarach, 4 of garnet shellac, 3 of Venice turpentine, and 3 parts of 
castor oil, are dissolved in 100 parts of 95 per cent spirit, and col- 
oured with* 3^ parts of nigrosine, soluble in spirit and oil. Black 
JLeather Varnishes. — (1) Dissolve 5 lb. camphor and 180 lb. garnet 
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shellac in 550 lb. of 96 per cent methylated spirit with the aid of 
heat. Then add 80 lb. of hot Venice turpentine and filter. While 
the varnish is still hot, stir in 20^ lb. of nigrosine. (2) Dissolve 13 
lb. garnet shellac, and 2 lb. of sandarach in powder, in 30 lb. of 90 per 
cent methylated spirit with the aid of heat. Filter and add 3 lb. of 
pure Venice tui'pentine hot. Then stir in 1 lb. of nigrosine in 4 lb. of 
96 per cent methylated spirit. This varnish is better for wood than 
for leather. (3) Dissolve 5 lb. garnet shellac, 7 lb. dark copal, 2 lb. 
mastic, and 2 lb. sandarach, all in powder, in 24 lb. of 96 per cent 
methylated spirit with the aid of heat. Then filter and add 2 lb. of 
pure hot Venice turpentine. Colour with 1 lb. nigrosine in 6 lb. of 96 
per cent methylated spirit. (4) Dissolve 15 lb. dark copal and 5 lb, 
shellac both in powder in 24 lb. of 96 per cent methylated spirit 
with the aid of heat. Then add 2 lb. of hot pure Venice turpentine, 
and colour with 1-J lb. nigrosine in 6 lb. of 96 per cent methylated 
spirit. (5) 250 oz. shellac, 30 oz. Venice turpentine, 30 oz. 
nigrosine, 2 oz. Bleu de Lyon, 690 oz. methylated spirit. 

TABLE CXXXTX.-SHOWING THE COMl’OSITION OF VARIOUS SPIRIT 
VARNISHES AND COMPOSITIONS FOR LEATHER. 


\ 



A. 

B. 


1). 

K. 



H. 

' Shellac in lb, . 



sr, 

25 

45 

25 

40 

10 

80 

56 

1 Sandarach in lb. 



8 

6 



3 



2 





Rosin in lb. 



8 


— 






40 

— 

. Mastic in lb. 








8 




_ 



! Burgundy pitch in lb. 



K 

16 

20 

ni 

7 

10 

— 

56 

Camphor in lb. . 



1 

— 

— 


— 

8 

— 

Naphthaline in lb. 



— 

— 

14 



5 




— 

1 Boiled oil in lb. 





— 

2 











Castor oil in lb. 



— 

1 

4 

8 

s 

1 



; Rosin spirit in gals. . 



1 




— 

10 ' 





25 

1 „ oil in lb. , 



— 

12^ 


' 10 

: 



14 

; 

1 Spirit nigrosine in lb. 



4 

1 

— 


1 , 

— 

— 

_ 

1 Induiine in lb. . 



— 

— 


! 


1 



1 

Prussian blue in lb. . 





— 




5 


< Methylene blue in lb. 



— ' 

^ ' 

i 

' ^ 

— 1 

— ' 





Lampblack in lb. 



— 1 

8 


1 

5 i 

1 

14 ' 

10 

' Methylated spirit, 64® < 

O.P. in gals. 


i 

25 

25 

, 25 

25 1 

25 

25 I 

25 

Benzene in gals. 

• 


— 


5 

, — 


5 

i 

— 


A, black polish for “patent” leather. B, black polish for har- 
ness and coach leather, upholstery. C, imitation Nubian blacking. 
D, harness polish, self-shining. E, waterproof varnish for leather. 
F, jet black elastic varnish for leather. G, waterproof spirit black 
varnish for leggings. 

Bookbinders Shellac Varnishes, — (1) Shellac 10 lb., Venetian 
turpentine 3 to 4 lb., methylated spirits 36 lb. (2) For a colourless 
varnish bleached shellac 11 lb., Venice turpentine 3 lb., methylated 
spirit 40 lb. (3) Shellac 10 lb., spirit of turpentine 1 lb., methylated 
spirit 30 lb. 

Shellac Varnish for Leather , — Eosin 3 lb., Venice turpentine Z 
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lb., sandaraoh 6 lb., shellac 12 lb., methylated spirit 90 lb. The 
filtered solution is mixed with lb. of carbon black. The ingredients 
may be supplemented by up to 6 lb. of copal. 

TABLE CXL.-SHELLAO VARNISH FOR LEATHER. 


Shellac 40 

Venio3 turpentine 200 

Logwood extract 20 

Potassium bichromate 4 

Indig') carmine 3 

Methylated spirit 600 


The extract is dissolved in the spirit and the biohrome added. 
The shellac and turpentine are dissolved in the black solution, 
then the indigo carmine is added, which gives a bluish cast to the 
black varnish. 

TABLE CXLL-RED SHELLAC LACQUER FOR WHITE ME TAL. 


Parts by Weight. 

Seed lac 20 

Powdered sandarach 11 

Turmeric 6 

Essence of lavender 3 

Red sandalwood 3 

Spirits of wine 140 


Reduce all these solids into very fine powder and dissolve them in 
the spirits of wine, either over a water- bath or over a sand-bath, the 
latter being preferable. 

TABLE CXLlI.-yELLOW SHELLAC LACQUER FOR WHITE METAL. 



Parts by Weight. 

Shellac .... 

100 

Small mastic 

80 

Venetian turpentine . 

76 

Dragon’s blood , 

45 

Gamboge gum . 

50 

Spirits of wine , 

1500 


Proceed as in the recipe above. 

TABLE CXLIIL— GOLD SHELLAC LACQUERS FOR METALS. 


A. 


Sandaraoh 
Seed lac . 

Venetian turpentine 
Dragon’s blood , 
Gamboge . 

Spirits of turpentine 


Parts by Weight. 
. ^0 
. 50 

. 24 

6 
2 

. 400 


This is prepared by dissolving all the solid substances in the spirits 
of turpentine over the water- bath. 
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B. 

Parts by Weight. 


Sandaraah 125 

Seed lao 125 

Dragon’s blood 15 

Gamboge 5 

Turmeric 2 

Ground glass 150 

Spirits of turpentine 1000 


These are dissolved as before over the water-bath, that is to say, in 
a jacketed pan in which the water boils in the outer case, and then 
50 parts of weight of liquefied Venetian turpentine are added. 

C. 

Parts by Weight. 


Bheiiac 

32 

Gamboge gum . 

15 

Saffron 

15 

Annatto 

10 

Dragon’s blood . 

10 


TABLE CXLIV.-PHOTOGRAPHIC VAHNISll. 

Parts )>} Weight. 


Bleached shellac 

. 10 

Mastic 

2 

Turpentine 

2 

Recti Hed spirits of wine . . . . 

. 00 


It need hardly be said that it is of the highest importance that the 
ingredients should be as pure as it is possible to obtain them. 


TABliE CXLV.-SPIlUT SHELLAC JEWEL LACQUER. 


Seed lac . 
Gamboge gum . 
Amber 

Dragon’s blood . 
Saffron 

Sandalwood oil , 
Spirits of wine {W) 


Parts by Weight. 
. 00 
. VA) 

. 30 

2 

, 1 
2 

. 000 


The resins are rendered soluble in the usual manner, and the ordin- 
ary method for the preparation of varnishes is followed. 


TABLE CXLVL— SPIRIT SHELLAC GOLDEN LACQUER FOR COPPER. 

Parts by W'elght. 


Seed lac 170 

Ground glass 100 

Amber 00 

Dragon’s blood 30 

Gamboge gum 5 

Saffron 2 

Boric acid 8 


This is macerated in sufficient spirits of wine to cover the solid mat- 
ter, and then filtered, 
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Blackboard Vanmh . — Shellac varnish is employed to “ renovate ” 
blackboards : (a) Twenty-five parts of shellac and 7 parts of sandarach 
are dissolved in 25 parts of alcohol ; 3 parts of gutta-percha are dis- 
solved in 14 parts of spirits of turpentine ; after cooling, the two solu- 
tions are mixed and incorporated with 60 parts finely pulverized 
emery, and 12 parts of very fine bone-black. The board is coated, 
the alcohol inflamed, and another coat applied. This operation is 
repeated five or six times, and a remarkably fine grain is got at the 
finish, with a beautiful, flat, lustreless surface. (5) Three and a half 
lb. of shellac are dissolved in 20 of alcohol and 5 lb.' of emery added to 
the solution, and then 2 lb. of very fine bone-black, and the whole 
ground for a very long time. The varnish is applied to the board, 
the alcohol inflamed, and the operation repeated [o) Fifty oz. of 
sandarach, 20 oz. of pyro copal, 100 oz. of shellac, 3 oz. Venice 
turpentine are dissolved in 400 oz. of 96 per cent alcohol and 40 oz. 
ether ; to this solution there is added a mixture of 15 oz. of lampblack, 
5 oz. of ultramarine blue, and 100 oz. of emery. It is not necessary 
to inflame the spirit. Shining spots can be removed by rubbing with 
amber so as to obtain a lustreless surface. Itinerant renovators of 
blackboards charge the unwary teacher as many shillings for renovat- 
ing a blackboard as the raw materials (brown hard spirit lampblack 
and a little methykted spirit to fire the coating; sometimes they 
merely stir up the lampblack with the methylated spirit, apply the 
coat and fire it) cost pence at the nearest oil and colourmank 
shop. 

Fionch Polish, The original formula for French polish is lost in 
the labyrinth of antique technical literature. The celebrated “ French 
polish, says Hebert, “ is effected by a spirit varnish, treated in a 
peculiar way The following mode of preparing it and using it, be 
continues, may be relied upon as genuine, being extracted from that 
very accurate French work, the “ Dictionnaire Teohnologique “. The 
varnish is composed of 


Sandarach .... 
Mastic in drops 

Shellac, the yellower the better 
Alcohol of 0'8295 speoitic gravity 


14 oz. 
7 „ 
14 „ 


2 drams. 
1 „ 


3 qts. 1 pint. 


The i-esinous gums are to be pounded and their solution effected 
by continued agitation, without the aid of heat. When the woods to 
be varnished are very porous 7 oz. and 1 dram of Venice turpentine 
are added. In order the better to divide the resins and to cause them 
to present a better surface to the action of the alcohol, they should 
be mixed with an equal amount of ground glass, the latter preventing 
the dust of the resin from forming clots ; the solution is thus 
made, and in less time. Before applying the varnish the wood 
should be made to imbilje a little linseed oil. It must then be rubbed 
with old flannel in order to remove the excess of oil ; blotting-paper 
may bw used for this same purpose or finely sifted sawdust. Afte- 
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wards the varnish should be applied by saturating it with a piece of 
. old, soft, coarse linen cloth, many times folded into a sort of cushion, 
and rubbing it softly on the wood, turning the linen from time to 
time until it appears nearly dry. The linen should be saturated 
afresh with varnish, and the inibbing be continued in the same man- 
ner until the pores of the wood are completely filled, Care should 
be taken not to make the linen too wet nor to rub too hard, especially 
at the beginning of the operation. When the varnish sticks or be- 
comes tacky a very small drop of olive oil is to he applied with the 
end of a finger, uniformly all over the cushion . The finishing is effected 
by pouring a little pure alcohol upon a piece of linen which is lightly 
rubbed over the varnished wood, and as the linen and the varnish 
dry the wood is rubbed briskly until it takes a beautiful polish like a 
looking-glass. 

TAIJLE CXLVII.-EECIPES FOR SHELLAC SPIRIT VARNISHES. 


1. Brown Polish. 

Oxidized turps . . ijO-SO lb. 

Garnet shellac . . .80 „ 

Methylated spirit . . .45 gals. 

*2. Pale Polish. 

Orange shellac . . .00 lb. 

Methylated spirit . . .45 gale. 

3. Darker Polish. 

Venice turpetitino . . 501b. 

Garnet phellac . . . 100 „ 

Methylated spirit . . .45 gals. 

4. Whitl Polish. 

Bleached shellac . . .100 lb. 

Methylated spirit . . .40 pals. 

5. Floor Varnish. 

Sandarach .... 50 lb. 
Orange shellac . . • 80 „ 

Methylated spirit . . .45 gals. 

6. Bookrinders’ Varnish—Pale. 
Venice turpentine . . 40 lb. 

Orange shellac . . .100 „ 

Methylated spirit . . .40 gals. 


8. Bookhinders’ VarnI'H— White. 
Venice turpentine . . 50 lb. 

Bleached shellac . . .100 „ 

Methylated spirit . . . ^2 gals. 

0. White Poush. 

T. 11. III. 

Bleached shellac . 40 50 60 lb. 

Methylated spirit 27 27 27 gals. 

10. Pale Poi^isn, 

I. II III. 

Bleached shellac . 40 50 60 lb. 

Orange shellac . 10 10 10 „ 

Methylated spirit 27 27 27 gals. 

11. Pale Brown Polish. 

I. II. 111. 

Orange shellac . . 40 50 60 lb. 

Methylated spirit . 28 28 28 gals, 

12. Brown Polish. 

1. II. III. 

Orange shellac . , 40 .50 60 lb. 

Garnet shellac , . 20 20 20 „ 

Methylated spirit . 30 30 30 gals. 

13. Dark Brown Polish. 


7. Bookbinders’ Varnish— Dark. 
Burgundy pitch . . .20 lb. 

Garnet shellac . . . 100 „ 

Methylated spirit . . . 40 gals, 

7a. Bookbinders’ Varnish. 
Shellac .... 82^ Ib. 
Spirits of turpentine . . 3 gals. 

Methylated spirit . . . 80 „ 


I. II. III. 

Garnet shellac . . 40 50 60 lb. 

Methylated spirit . 25 25 25 gals. 


14. RrsBiAN Polishes. 

1. II. III. IV. V. 


Shellac 
Benzoin 
Mastic 
Sandarach . 

Venice tur- 
pentine . — — 
Meth. spirit 11 9 


36 7 
18 14 
9 2 2 

- 8 1 


- - 12 lb. 


1 

n 


1 8 „ 

^ „ 

li- M 
2 7i gals. 
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TABLE CXLVIII.-MIXED SHELLAC SPIBIT VAEXISHES. 


1. Shellac, orange 

. 40 lb. 

4. Garnet shellac 

. 801b. 

Venice turpentine 

. . 30 „ 

Burgundy pitch 

. 30 „ 

Manila copal . 

. . 50 „ 

American rosin 

. 70 

Methylated spirit 

. . 84 gals. 

Methylated spirit 

. 27 gals. 

2. Shellac, orange 

. 20 lb. 

5. Bleached shellac 

. 401b. 

Burgundy pitch 

. 20 „ 

Venice turpentine . 

. 20 „ 

Manila copal . 

. . r,o 

Handarach 

. 40 „ 

Methylated spirit 

. . 23 gals. 

Methylated spirit 

. 23 gals. 

3. Garnet shellac . 

. 40 lb. 

6. Bleached shellac 

. 20 1b. 

Burgundy pitch 

. . 30,. 

Venice turpentine . 

. 20 „ 

American rosin 

. 50 „ 

Window glass rosin . 

. 60 „ 

Methylated spirit 

. 27 gals. 

Methylated spirit 

. 20 gals. 


7. Orange shellac . 

. 40 lb. 



Venice turpentine 

1 . . 150 „ 



Sandarach 

. . 40 „ 



Methylated spirit 

. . 12 gals. 



TABLE CXLIX.— RECIPES FOB PATENT KNOTTING AND FRENCH 
POLISH. 


A. Good Patent Knotting. A. Common Poijsh. 


Common orange shellac 

, 1001b. 

Common orange shellac 

40 lb. 

Middle rosin 

. 40 „ 

Good middle rosin 

20 „ 

Methylated spirit (04 O.P.) 

. 24 gals. 

Methylated spirit (64 O.P.) . 

20 gals. 

B, Fine Patent Knotting. 

B. FiiENcii Polish. 


Orange shellac . 

. 125 lb. 

Common orange shellac 

60 lb. 

Methylated spirit (04 O.P.) 

. *25 gals. 

Methylated spirit (04 O.P.) , 

30 gals. 

Oxalic acid 

. ilb. 

Oxalic acid' .... 

41 b. 

C. Finest Patent Knotting, 

C. Bert French Polish. 

Good (TN.) orange shellac 

. 120 lb. 

Orange shellac (TN.) . 

60 lb. 

Methylated apirit (04 O.P.) 

. 24 gals. 

Methylated spirit (64 O.P.) . 

24 gals. 

Oxalic acid ^ , 

. nib. 

Oxalic acid > . 

11b. 



D. Finest Superior French Polish. 



Finest pale orange shellac . 

60 lb. 



Methylated spirit (64 O.P.) . 

24 gals. 



Oxalic acid ' . 

ilb. 

The following is a 

process for making French polish and spirit 

furniture varnish in a 

small way 

— 


(1) Methylated spirits 

s. 

. . . 1 gal. cost 3 

d. 

6 

Shellac 

. 

l^lb. „ 1 

9 

Gum benzoin 


• • • i It f}' 1 

3 

„ sandarach 

. 

• • • i M 6 

6 

„ thus . 

• 

in »» 0 

1 

Resin . 

. 

• • • i n n 6 

1 


Yield, Ij gallons costing 7 2 

Or say, Ss, (5d. per gallon. 


1 Oxalic acid is used to destroy the violet to black coloration which the natural 
dye left in shellac gives with metals, solder, etc., lead, iron, and tin. It may also 
assist in the polishing of the wood. Needless to say, no such acid spirit varnish 
should be used on metals. 
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(2) Methylated spirits 1 gallon, shellac 2 lb., benzoin ^ lb., rosin 
1 lb. (3) Spirits 1 gallon, shellac 1 lb., sandarach J lb., mastic | lb. 
(4) Spirits 1 gallon, mastic -J lb., rosin 2 lb., benzoin 3 lb. Nos'. 2 
and 3 are useful for fancy goods. No. 4 for musical instruments. 
(6) Furniture varnish : spirits 1 gallon, shellac 1 lb., sandarach 1 lb., 
benzoin i lb., Venice turpentine -J lb. (6) Paper varnish for screens, 
etc. : equal quantities of Canadian balsam and rectified oil of tur- 
pentine. (7) Spirits 1 gallon, copal 2 lb., camphor j lb., mastic lb. 
Dissolve, then add Venice turpentine ^ lb. (8) For carved cabinet 
work ; shellac 2 lb., rosin 1 lb., spirits 1 gallon. Apply warm. 

Methylated spirit is given in all oases as the solvent, as being 
more pleasant to use. Should the weather or room be damp, or a 
quicker varnish be required, wood naphtha may be used insteadl, 
which gives what is termed naphtha varnish. 

Continental Polishes , — All shellac polishes are solutions of shellac 
in alcohol to which other resins, such as mastic, sandarach, etc., are 
often added. The use of this polish is characterized by the fact that 
it is rubbed on and not applied with a brush. As just mentioned, 
the principal constituents are shellac and alcohol. In making the 
polish alcohol should be chosen containing as little water as possible, 
and the shellac should be of the best orange variety. If the latter ia 
hard to come by it may be necessary to put up with garnet shellac, 
which, however, gives a distinctly darker polish. This, however, 
can be avoided by using bleached shellac and mixing bleached andl 
unbleached shellac in such proportions as to give the desired colour. 
The polish used by joiners and furniture makers is mostly made 
from pale shellac. A continental writer complains that the darker 
and cheaper sorts of shellac have their colour lightened with sulphide 
of arsenic. This adulteration is readily detected by the garlic smell 
produced when such shellac is burnt. But both rosin and orpimeni 
in shellac have in modemtion a legitimate function. Adulteration 
with rosin is another grievance. Water-free ether wull only dissolve 
about 6 per cent of pure shellac and chloroform about 10 per cent. 
If the numbers are higher the addition of rosin may be suspected. 
Various attempts have been made to purify shellac varnish otherwise 
than by filtration, but without success. Boiling with water has 
been tried, and also treatment with lime, caustic soda, or ammonia, 
but no result follows. Small quantities of shellac polish may be 
filtered through a piece of felt, but for large amounts a filter press is 
necessary. The so-called earth shellac from Australia {Gimmi 
accroides) (pp. 235-7) should not be used for polishing, although it 
will serve for ordinary varnish. The following are some recipes for 
“ polishes ” : — 

German Polishes**. — 1. The “polish'" most in use is the so- 
lalled 12 per cent polish — so called because it consists of 12 per 
lent of shellac and 88 per cent of alcohol. 

2. A more lustrous “ polish ” for wood is prepared by dissolving 
lb. of shellac and 1 lb. of sandarach in 30 lb. of alcohol and 
iltering. 
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3. An equally lustrous “ polish " is prepared by dissolving 1 lb. 
of mastic in 66 lb. of alcohol, and then adding 4 lb. of linseed oil. 
The oil makes this polish very elastic (a sort of megilp). 

4. Take 4 lb. of shellac, 50 lb. of alcohol, 1 lb. of dragon’s blood, 
and a little turmeric — about i oz. This “polish ” adheres well to 
metal. 

5. Dissolve 2 lb. of sandarach, 2 lb. of mastic, 2 lb. of white 
shellac, and 4 lb. of garnet shellac in 75 lb. of alcohol. 

6. Dissolve 7 lb. of anime, 7 lb. of sandarach, 60 lb. of benjamin 
in 450 lb. of alcohol. Filter, and add 32 lb. of poppy oil. To be 
shaken before use. 

7. Avery lustrous “polish” is prepared by dissolving 3 lb. of 
sandarach and 12 lb. of benjamin in 100 lb. of alcohol. 

8. A “polish” to be applied with a brush is made by dis- 
solving 3 lb. of shellac and 3 lb. of refined rosin in 25 lb. of 
alcohol. 

9. Dissolve 1 lb. of mastic and 2 lb. of shellac in 10 lb. of 
alcohol, and filter. This is also applied with a brush. 

A German French Polkh . — Horn attempts to facilitate the opera- 
tion by using a polish that will quickly absorb the oil left upon the 
furniture by the preliminary polishing. In polishing furniture, 
in the ordinary method, it is first rough -polished with one of the 
•usual polishes, and afterwards finished off by being polished with 
spirit or alcohol. This final polish with spirit or alcohol is a very 
laborious and tedious operation, since the spirit or alcohol does not 
readily dissolve the oils and fat left upon the furniture by the first 
or preliminary polishing. His new and improved furniture polish is 
prepared by mixing in about the following proportions the materials 
mentioned : 240 of alcohol, such as methylated spirits, are intimately 
mixed with 120 of acetone, and slightly heated. In this mixture 
8 of benzoin and 16 of sandarach are completely dissolved. 
After this solution has been carefully filtered, 440 of benzine are 
added, and intimately mixed therewith by shaking. 

A perfectly clear liquid is produced, ready for use as a finish- 
ing polish, and the high percentage of benzine which it contains 
dissolves very quickly the fats remaining from the rough-polishing, 
so that by the use of this liquid a very highly polished surface on 
the article treated can be produced in a very short time. It is stated 
that the high degree of polish is very lasting, and the polished sur- 
face is not liable to become cracked or to assume a dull appearance. 

Varnish Compositmis for Fine Furniture . — Gustav Tlischel, 
Odessa, has patented the following: (1) Composition for painting 
pianos, billiards, or other fine furniture consisting of 140 gr. of stick 
lac and 20 gr. of white bleached shellac, both pulverized, 3 gr. of trans- 
parent French colophony, pounded, 8 gr. of benzoin gum of Sumatra, 
6 gr. of benzoin gum of Siam, both of the latter ground, 8 gr. of 
camphor in corns, pounded. These products are placed in an iron 
kettle,, and are heated and mixed. When this is done the composi- 
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tion is allowed to oool, then an addition is made of 12 gr, sulphuric 
ether and 15 gr. ground cornelian ; then this mass is thoroughly 
pressed and dried during three days. After these three days the 
mass is put into a barrel wherein there is added 1000 gr. of methy- 
lated alcohol of 95'’ to 96°, whereupon the barrel is well closed and 
turned during six hours. Then the barrel is allowed to rest three 
days, after which time the liquid obtained is filtered and racked off 
into bottles. When painted with this composition white raw wood 
becomes like real mahogany, and it has the advantage that the furni- 
ture that has been polished with it can be washed with water w-ith- 
out losing its brilliancy, and that it does not swell in damp rooms. 
(2) For black ebony varnish the proceedings are as follows : The 
operation is the same as under No. 1, but when the addition of 
sulphuric ether is made, there is added 20 gr. aniline black instead 
of 15 gr. ground cornelian. It is used for painting raw white-wood 
furniture, to which it gives the appearance of real ebony. (3) Natural 
brown quick varnish is produced as follows : Its fabrication being 
the same as in No. 1, but without any addition of any ingredient 
when mixing the composition with sulphuric ether ; it is used for 
painting raw white-wood furniture, and giving it the look of natural 
wood furniture. (4) Varnish for pianos, billiards, and other fine 
furniture, produced as follows : The operation being the same as in 
No. 1, although there is heated and mixed 120 gr. ground stick lac, 
100 gr. sand lac, 12 gr, French colophony, 8 gr. benzoin gum of 
Siam, 30 gr. ground gum mastic, 20 gr. cornelian. Further, instead 
of 1000 g]’. alcohol, there is only added 600, then the barrel is turned 
during an hour, whereupon the liquid allowed to rest six days instead 
of three days. (5) Varnish for pianos, billiards, and other fine furni- 
ture of palisander, consisting of 120 gr. sandarach, 100 gr. ground 
stick lac, 30 gr. ground gum mastic, 45 gr. Venetian turpentine, 
20 gr. pounded white bleached shellac, 20 gr. cornelian, 6 gr. aniline 
black. Further, there is added 12 gr. of ether, and afterwards 
600 gr. of methylated alcohol, 

A Qcrma>n Furniture Polinh . — Guaicum 125 parts, benzoin 125 
parts, shellac 30 parts, linseed oil 150 parts, benzine 30 parts, 
alcohol, wood-spirit, 3000 parts. Mix and dissolve. The polish is 
applied with a sponge or brush and the object is let stand for a half- 
hour. A linen cloth moistened with oil is then used as a rubber, 
and a brilliant polish is obtained which is said to be very lasting, 
and is unaffected by water or other substances which usually injure 
varnish. Another advantage of it is that it may be applied to woods 
that have never been varnished or polished, and gives a result equal 
to the best French polish. No skill is said to be requisite in its use. 
The rubber must be of linen, and oiled only sufficiently to prevent 
its sticking when first applied. 

The best basis for furniture varnish is undoubtedly shellac and 
methylated spirit, say 2 to 2^ lb. shellac to 1 gallon spirit, but 
shellac alone is rather too hard, therefore it is advisable to soften 
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it, hence the addition of a small quantity of linseed oil (raw 4 oz.) 
or gum elemi (-^ lb.). Shellac is dear, but it is difficult to replace it 
with cheaper resins, as these lack the good qualities of shellac. Try 
1 lb. shellac, 1 lb. window^glass resin, 4 oz. soft Manila copal, 4 oz. 
raw linseed oil, 1 gallon spirit — all mixed together at one time. 
Should this prove too thin, add a little more shellac or some gum 
sandarach. This varnish will also do as a basis for cycle blacks, 
adding a little vegetable black and spirit black to colour it, and 
4 oz. boiled linseed oil to the gallon. For straw-hat polishes it is a 
little too stiff ; the proportion of shellac should be reduced, replacing 
it by a mixture of soft Manila copal and elemi, colouring with 
spirit black or Bismarck brown or chrysoidine or other aniline dye. 

TABLE CL.— BEH'S BASIS SPIBIT VARNISHES. 


Bef. 

ItAHin. 

Koeln 

Meth. Spirit. 

lief. 

Resin. 

Resin 

Meth. Spirit, 

Letter. 

iinlb. 

! 

OalK. 

Letter. 

in lb. 

Gals. 

A 

Sandarach 

.S3 

8 

E 

Stick lac 

83 

8 

B 

Bleached ehellac 


9 

P 

Manila copal 

33 

8 

C 

Orange shellac 

1 26 ! 

1 i 

9 

G 

Bosin, good 
strained or H 

30 

7 

D 

Garnet shellacj 


8 

H 

Rosin J 

50 

6 


1. Beh's Essence of Camphor for Imparting Elasticity to Spirit 
Varnishes . — 2 lb. of camphor to 3 lb. of methylated spirit. 

2. Beh's Turpentine Extract I. for same purpose . — 8 lb. Venice 
turpentine, 2 lb. methylated spirit. 

3. BeKs Extract of Benzoin . — 1 lb. benzoin, 2 lb. methylated 
spirit. 

The above varnishes and extracts are used as follows : — 

For yellow polish use stock varnish C. 

For white polish use stock varnish B. 

For mahogany and ebony use stock varnishes D and E. 

For black polish use stock varnish C, 

The essence of camphor and the extract of benzoin are added to 
quick-drying varnish. According as the proportion of these is 
larger or smaller, the shorter or longer will be the time occupied in 
drying. In making leather varnishes (which should not contain 
rosin nor stock varnish A) from the above stock spirit varnishes, 
use as much as 20 per cent of (mostly) turpentine extract with the 
shellac stock spirit varnishes B, C, D, and E. But when varnishes 
B, C, D, E are mixed with F, G, and H, only 10 per cent of 
extract is added. For wood, A, B, C, D, E may contain 10 per 
cent extract ; F, G, H, 6 per cent. 
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TABLE CLI. 



I. 

lb. 

II. 

lb. 

III. 

lb. 

IV. 

lb. 

V. 

lb. 

VI. 

lb. 

Vll 

lb. 

Basis varnish B . 



5fi0 




80 



■■ 

c . . . 

oOO 

500 



— 

85 



D . . . 

— 

— 

2.50 

— 





50 

„ F . . . 


— 



70 







„ G . . . 

— 


500 

— 



10 



Camphor essence . 

.5 

2o 

— 

20 

10 

— 

2 

Turpentine exti* ct 

2o 

— 

1 — 

— 


7 

— 

Benzoin extract . 

20 

— i 

— 

— 

— 

— 

— 

Castor oil . 



."i i 

_ 


") 

: _ 

2 

Copal oil ... . 

-- 

10 


— 

B 

— 

1 

Mother varnish VI. 

— 

i — 

250 

— 

— 

j — 



Turps 

— 

1 — 

— 

10 

— 

1 i 


Lavender oil 


1 - 

— 

— 

2 

1 

— 


I. and II. Russian polish ; III. cask glaze ; IV. V. metal varnish ; 
VI. leather varnish ; VII. floor varnish (a similar varnish may be 
made from basis varnish G or H). 


TABLE CLII.^BEH'S ORANGE AND YEl.LOW JACQUEBS. 


Basis varnish 
Coralline solution . 
Piorio acid 
Turmeric solution . 


lb. 

i)5 

4 


lb. 

h‘ 

2 


Paper Tarnislm. — A, B, F, H, 20 per cent of camphor or tur- 
pentine extract being added to A and B and 10 per cent to F and H. 


TABLE CLIII.-VAlUOrS MIXED SHELLAC VAllXISHES. 


RcHins and S<jlvents. 

Pariaran 

Varnish. 

lb. 

.‘^t. PeterHimra 
Woiiil Varnish. 

lb. 

Sculptfirs' 

Varnish. 

III. 

Shellac 

25 

7 

25 

Sandaraoh .... 

25 

• 2(1 

21) 

1 Venice turpentine . 

12 

— 

10 

! Mastic 

0 





Galipot 

— 

5 

10 . 

1 Benzoin 

— 

2 

5 

I Rosin 

— 

5 

1 

Camphor .... 

2 

1 

2 

Lavender oil . 

2 



2 

1 Methylated spirit (gals.) 

14^ 


, 

j Ether, rectified (lb.) 

1 ^ 


B 



TABLE CLIV.-RECIPES FOR GILT-CORNICE LACQUERS. 

A. H. 

Dragon’s blood (in lb.) i — 

Gamboge (in lb.) 4 B 

Alcoholic extract of sandalwood (in pints) • • ^ i 

Shellac (in lb.) 74 20 

Best Anstralian eandarach (in lb.) . . . . 7| 5 

Venice toriientine 24 ^4 

Methylated spirit (in gals.) . ... 11 10 
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N,B,—A flat ; B paler and more brilliant ; 20 lb, of finely 
pulverized talc are incorporated with 'B, after which . the solution 
is strained. 

Golden Beetle Lacqmr, — Diamond fuchsine 8 lb., methyl violet 
4 lb., Sumatra benzoin 10 lb., methylated spirit 10 gals, Dissolve 
the Sumatra benzoin in a portion of the spirit and filter ; dissolve 
the dyes in the other portion ; mix, and filter once more if need be. 

Mastic Polish, — Shellac 50 lb., mastic 13 lb., methylated spirit 
27 gals. Varnish for Microscopic Work, — Shellac 6 lb., castor oil 
2^ lb., methylated spirit 3 quarts. Gold Varnish for Optieicm , — 
Shellac 14 lb., aniline yellow MN. 1 lb., aniline orange 1-J oz., 
methylated spirit 4 gals. Collodion Negative Varnish, — Bleached 
shellac 8 lb., orange shellac 1 lb., sandaraoh 1 lb., methylated spirit 7 
gals. Universal Varnish, — Shellac 15 lb., mastic 2 lb., methy- 
lated spirit 11 gals. Schefold*s Negative Varnish. — Bleached 
shellac 30 oz., mastic 10 oz., Venice turpentine 1 oz., methylated 
spirit 350 oz. Moody's Polish. — Shellac 15 lb., benzoin 5 lb., 
dragon’s blood 11 J lb., acetone 10 gals. 


TABLE CLV.>-SPECIAL POLISHE8. 


Shellac 

6 

36 

lOJ 

Benzoin 



18 

21 

Mastic 


9 

3 

Methylated spirit 

4 

12 

13i 


Brillumt Varnish for Photographers. — Beeswax 100 oz., elemi 16^ 
oz. Dissolve in as much of an alcoholic solution of shellac as may be 
necessary. 

TABLE CLVL-SOME AMERICAN SPIRIT VARNISHES. 

A. WHITE SHELLAC. 

Bleached nhellac 3 to 4 lb. 

Sulphuric ether enough to dissolve wax 

[)!} per cent grain alcohol . . . enough to make 1 gal. 

B. LIGHT ORANGE SHELLAC. 

Ord. Med. Heavy. 

Lt. unbleached Bhellao . . . 3 lb. 3^ lb. 4 lb. 

ilo per cent grain alcohol, or 
Columbian spirits, commercially 

pure methyl alcohol , . pts. pts. 5| lb. 

C. MEDIUM ORANGE SHELLAC, No. 2. 

Orange Bhellac 100 lb. 

i)li per cent grain alcohol 21 gala. 

Slowly mix No. 1 with No. 2, stirring well. Makes very heavy 
body goods. 

D. COFFEE BOX BHELLAC. 

Neut. rosin 150 lb. 

05 per cent grain alcohol 15 gals. 

Dissolve and add grain alcohol shellac . . . 20 „ 
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E. RE.TOUOHING SPIRIT VARNISH. 

Pale shellac . . ' 95 parts 

Sandarach 190 „ 

Neut. W.W. rosin 125 „ 

95 per cent grain alcohol 1000 „ 

Agitate warm. 

Bronze Shellac Spirit Varnish for Iron , — Add 112 parts, by 
weight, of shellac and 14 parts benzol to 500 parts methyl alcohol. 
Put the bottle in a warm place and shake the mixture frequently. 
When the shellac is dissolved, leave the bottle in a cool place for two 
or three days till the solution is clear ; pour the clear fluid into another 
bottle, and well cork the latter in order that the contents may be fit 
for use on the most delicate work. Add sufiioient methylated spirit 
to the sediment remaining in the first bottle for the mass to be easily 
taken up with a brush, and pour the mixture through a thin cloth. 
This mixture may be used as a priming and for coarse articles. 
If it is desired to make a paint, mix as much green bronze powder 
as necessary with the proper quantity of the second fluid. To alter 
the shade, a little lampblack may be mixed in for dark colours, red 
and yellow ochre for brighter colours. The iron which it is desired 
to paint must be clean and smooth, and the paint applied thin and 
with a soft brush. When the first coating is dry, a second is added, 
and the application renewed till a nice, uniform bronze surface has 
been obtained. The portions in relief should be painted very gently 
with the free varnish and gold bronze applied ; when completely dry, 
spread a thin layer of varnish once more over the whole. 

Brown Varnish for Metals . — An excellent and quickly-drying 
brown varnish for metals is made by dissolving 20 oz. of kino and 
5 oz. of benzoin in 60 oz. of the best cold methylated spirit ; 20 oz. 
of common shellac, and 2 oz. of thick turpentine in 36 oz. of methy- 
lated spirit also give a very good varnish. If the brown is to have 
a reddish tint, dissolve 50 oz. of garnet shellac, 5 oz. balsam of copaiba, 
and 2 to 5 oz. of aniline brown, with or without | to 1 oz. of aniline 
violet, in 150 oz. of methylated spirit. 

TAhLE CLVII.-VARNISH FOR COPPER-PLATE ENGRAVINGS. 


111 . 

Bleached shellac and sandarach, each .... 10 

Mastic and camphor, each 4 

Methylated spirit 100 

TABLE CLVIII.-VARNIHH FOR METALS. 

Bleached Hhellac and nandarach II) 

Mastic 5 

Amber (fused) 5 

Methylated spirit 100 


Shellac dissolves in a mature of 70 parts of carbon tetrachlorfde 
and 25 to 30 parts of 95 per cent alcohol. Sandarach and mastic are 
soluble in mixture 80 to 90 parts carbon tetrachloride and 10 to 20 
parts of alcohol. With larger quantities of 95 per cent alcohol, 



SPIBIT VARNISH ENAMELS, 


‘ 411 

shellac is completely dissolved, and any insoluble resin more or* less 
carbon tetrachloride may be used with the ordinary varnish solvents 
so as to produce two sorts of varnish, .one kind for applying with the 
brush, the other for dipping, the great volatility of carbon tetrachloride 
unfitting it for use with the brush, but when dipped the yield is a 
brilliant uniform coat, Andes adds about 10 per cent oil varnish to 
the solvents which quickly clarify. 

XIV. Spirit Varnish Enameh for Machinery . — Coloured lacquers 
or spirit varnish enamels are now used in painting machinery in place 
of oil paints sometimes varnished over. Spirit varnish enamels have 
no affinity for lubricating oils like paints made from linseed oil and 
its substitutes. A good spirit varnish enamel for applying to 
machinery should possess great covering or obliterative power, great 
lustre and the maximum of adhesive power and durability. They 
must be sufficiently viscous to give both gloss and resistance, and 
neither run in streams nor form streaks when applied. It must, 
moreover, be viscous enough to prevent caking at the bottom of the 
tin. The pigments used in spirit varnish enamels must be of as low 
a specific gravity practicable, which debars barytes. The pigments 
must be finely ground ; gritty pigments mar the lustre, cover or obliter- 
ate badly, and dry with a coarse surface. The pigment is ground 
with, incorporated in, and amalgamated with the varnish in a ball 
paint mill, so that each minute particle of pigment is surrounded with 
and enveloped in its own film of varnish. The finished product is 
strained through coarse canvas to retain any grit or core. The spirit 
enamel varnish may be made from shellac or Borneo copal, Accra or 
Angola dust, acaroid resin (Australian grass-tree gum, with rosin, oleo- 
resins, or linoleic acid as cheapening ingredients). Rosin hardened 
by ozone can also be used. The varnish is made either by the warm 
or cold process. and the whole filtered to remove solid impurities. 
Alcoholic solutions of shellac do not filter well, but strain readily. 

TABLE CLIX.-ENAMEL VARNISHES FOB WHITE AND DELICATE 
COLOURS. 

A. III. B. 111. (J. 111. 

Sandaraoh . 10 Manilla . . 10 Orange shellac . 10 

Thick turpentine H Thick turpentine 3 Tliick turpentine 3 

Spirit . . 20 Spirit . . 18 Spirit . . 40 

A and B for white and delicate ooloure ; C for all shadee. 

Becipe for Label Var7iish . — A varnish that will resist the action 
of water, alcohol, oils, and dilute acids, consists of a compound made 
when gelatine is acted upon by formaldehyde. When the label has 
been pasted upon the bottle allow it to dry, then coat it with collodion 
to protect the ink from the action of the coating proper. This con- 
sists of a coating of a 20 per cent solution of gelatine, which, while 
still moist, is brushed with formaldehyde, the latter hardening with 
the gelatine to an almost indestructible compound. Occasionally 
this coating should receive a dressing with formaldehyde, to keep the 
coating perfectly hard and insoluble. This should be about 20 per 



4i5i! THE MANUFACTUBB OF VAENISHES. 

cent strong, but it is not necessary to remember the strength, as it 
should be of such consistency that it will brush nicely ; it should 
be about as stiff as honey, and it should be put on warm. It can be 
put on cold, but if it is the solution would have to be a little thinner, 
and a little weaker in strength. After you have put on the gelatine 
solution, wait until it hardens, but not until it is perfectly hard. 
When it ceases to be liquid, paint it over with formaldehyde, full 
strength. In a few minutes the gelatine will harden, and after a 
half-hour or so the label will he coated vrith a him that is almost 
glassy with its hardness. This varnish is not affected ))y water, 
alcohol, or acids. 

TABLE CLX.-SPIE1T VAKNTSHES FOR ENAMELS. 


{a) Sholiao HO lb., Ihuikened turpentine 50 lb., methylated spirit 43 gals. 
(6) Sandaraoh 140 lb. thickened turpentine 00 lb., methylated spirit 40 gals, 
(c) Mix 10 gals, of (<») \N ith 12 gals, of {b). 



£ 

2 


s 

1 

('olour. 

S.S 

Si'S 

^ a 

('oluur, 

1i 

>!! 


a- 

IT 

T.S 

y 


1 

s 

'S B 

1 

Black— 



Reds— 



1. Lampblack 

4 

H(C) 

15. Chrome red . 

40 

12 (c) 

Blues— 


16. Vermilion 

25 

11(0 

2. Ultramarine 

30 ) 

10 (n) 

17. Red lead 

15), 

12 (c> 

White lead 

1(1 i 

Vermilion 

25 1 

3. Ultramarine 

30 ) 

H(C| 

Browns— 



White lead 

2 ) 

18. Manganese brown . 

40 


4. Prussian blue . 

20 1 

7(0 

10. Umber , 

4.5 

10 (0) 

White lead 

•■i i 

20. Raw sienna . 

35 

10(c) 

Yellows— 



Greys— 



5. Chrome yellow . ' 

30 

10 ic) 

21. White lead . 

35 \ 

10 (0) 

6. Fine yellow . . 

40 

11 (c) 

Lampblack . 

5 j 

7. Ochre 

60 

10 (ft.) 

22. White lesd . 

35 ^ 


8. Satin ochre 

60 

11 {0) 

Lampblack . 


12(c) 

Orange— 



Ultramarine . 

10 

9. Chrome orange . 

40 

11 (c) 

23. White lead . 

30 ^ 


10. Red lead . 

35 > 

14 (c) 

Lampblack . 


12(c) 

Chrome yellow . 

20 ) 

Ultramarine . 

V 

Greens— 



24. White lead . 

40 ) 

18(c) 

11. Chrome green . 

80 ) 

10 (c) 

Graphite 

5l 

White lead 

10 f 

25. White lead . . 

40^ 


12. Chrome green . 

40 

10 (c) 

Lampblack . 

14(c) 

18. Zinc green 

40 

11(c) 

Grapiate 

14. Zinc green 

20 . 

White— 



Chrome green . 
White lead 

20 ■ 
16 J 

14(c) 

26. White lead . 

35 

10(>) 


(n), (5) and (c) refer to varnish whose formula is given above. 


VarnUh for Wickerwork , — Dammar varnish is often used for 
varnishing wicker baskets and similar goods, though quite unsuit- 
able for this purpose, being softened by the heat of the hand. Cheap 
M-oalled copal varnishes, consisting of resin dissolved in turps, are 





SUNDBT SPIEIT VARNISHES. 


M 

equally unsuitable, since they never dry hard. Consequently both 
varnishes should be discarded and replaced by one or other of the • 
following, the goods being first primed with hot size to close up the 
pores and form a smooth ground for the varnish : — 

Brown Spirit Varnish for Basketioare, — A filtered solution of 2 
parts of ruby shellac in 9 parts of 95 per cent spirit. * 

Fine Broion Basket Varnish. — Venice turpentine parts, and 

parts of fine orange shellac, warmed till fluid, and then slowly incor- 
porated with 8 parts of 95 per cent spirit by stirring. 

Black Spirit Varnish. — The above brown varnish is shaken up 
with 2 per cent of aniline black until all the latter has dissolved. 

White Spirit Varnish. — Finest washed sandarach 1 part, dissolved 
in 2^ parts of 95 per cent spirit and mixed with part of previously 
melted Venice turpentine. This when filtered gives a water-white 
quick and hard-drying varnish. 

Qnick-di'ying Copal Varnish. — One part of melted Manila copal 
is mixed with \ part of quick-drying boiled oil, followed by parts 
of turps, and strained through a coarse cloth, being afterwards left 
to stand several days. If too thick it can be thinned with turps. 

TABLE CLXI.-VA11NISHEH FOR STRAW POLISHES. 



A. 

n. i c. 


Orange Bhelliio 


— 2 

4 

Bleached ehellac (in lb.) 

2 

— 2 



Sandarach (in lb.) 

— 

4 : — 


Elemi (jn lb.) 

1 

U i 1 


Thickened turpentine (in ib.) 


^ 1 ~ 



Venice turpentine (in lb.) 

— 



Methylated spirit (in gals.) 

1 

H : ^ 1 

1 



A and 3 aie for delicate tints; C for pale and D for dark colours. 


Straiv Hat Polishes. — The hats on which the . polishes are to be 
applied, should be clean, free from dirt and grease. It would be 
worth while to give them a good scrubbing with a little warm 
soap and soda water, then a good rinsing in clean w^arm water. 
Lastly, they must be dried, and this should be thoroughly done, as no- 
good results can be obtained with a damp hat. 

The requirements of a hat polish are that it shall dry fairly 
quickly, leave some polish, be of a good colour, and dry wdth a coat 
that is not too brittle, as then it wall chip off badly in wear, and show 
the original colour of the hat below. This is a fault which some 
hat polishes have. The brittleness, which is inherent in the use of a. " 
polish made from spirit and shellac, or spirit and gum sandarach 
only, can be removed by the addition of a little castor oil or raw 
linseed oil. The following recipes show how some useful colours, 
can be got ; — 

Black. — This is by far the most important, and the best is got by 
mixing 2 bz. spirit ebony black, lb. shellac, 2 oz. castor oil, aBd. 
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2 oz. raw linseed oil in 1 gallon methylated spirit. If this should 
come up a little too blue in shade, add a little brilliant green. 

Mahogany. — Half ounce Bismarck brown E, lb. shellac, 2 
oz. castor oil, 2 oz. raw linseed oil, and 1 gallon methylated spirit. 
By adding a small quantity of nigrosine or spirit black the shade of 
brown may be varied. 

Bright Green. — Half-ounce brilliant green, ^ oz. thioflavine T 
or auramine 0, 1-J lb. gum sandarach, 1 oz. castor oil, 1 oz. raw 
linseed oil, and 1 gallon of methylated spirit. By varying the pro- 
portions of the green and the yellow, a very great range of greens, 
from a yellowish-green to a bluish-green, can be got. 

Maroon. — This can be got from 1 oz. safranine, | oz. spirit 
induline, lb. gum sandarach, 1 oz. castor oil, 1-J oz. raw linseed 
oil, and 1 gallon of methylated spirit. 

Vwlet. — One ounce methyl violet 2B, lb. gum sandarach, 
oz. castor oil, 1| oz. raw linseed oil, and 1 gallon methylated spirit. 
There are various brands — 3E to 6B — of the methyl violets, and by 
using one or other of these violet polishes of various hues, from a red 
violet to a fine blue violet, can be made. 

Varninlm for Pencil Drawings. — (1) Sandarach 10, 95 per cent 
alcohol 90. f2) Dammar 10, alcohol 90. (3) White gum lac 5, 

Venice turpentine alcohol 90. (4) Caoutchouc 2, sandarach b, turps 
45, benzol 45. (5) Gutta-percha 2, white gum lac 8, benzol 40, oil 
of turpentine 50. (6) Gutta-percha 3, copal 7, boiled oil 10, turps 80. 

(7) Caoutchouc 1, dammar 35, chloroform 6, benzine 250, a little 
sodium silicate being added to neutralize the acidity of the resins. 

(8) An arnmoniacal solution of casein containing 10 per cent of cal- 
cium tannate. 

Valenta's Varnishes for Dc Luxe Illnsirations. — (1) Dammar 
varnish 60 oz., Venice turpentine 30 oz., Canada balsam 15 oz., copal 
varnish 8 lb., bergamotte oil 8 oz. (2) Copaiba balsam 24 oz., 
linseed oil 17 oz., rosin 37 oz., benzoin 1 oz., tolu balsam J oz. (3) 
Copaiba balsam 17 oz,, linseed oil 8 oz., rosin 23 oz., amygdaloid 
benzoin 0'6 oz., tolu balsam 0*4 oz, 

TABLE CLXII.-WEIGHT IN LB. OF RESINS AND DYES FOR LACQUERS 
PER 10 GALLONS OF METHYLATED SPIRIT. 


YkUjOWS. 


Buowns 


1. Seed lac . 

. 20 

7. Garnet shellac 

. 20 

Gamboge 

. -'i 

Dragon’H blood 

. 10 

2. Orange ebellao 

. 20 

8. Garnet Bhellac 

. 20 

Turmeric extract . 

. 5 

Bismarck brown . 

• H 

S. Orange Bhellac 

. 20 



Saffron .... 

. 4 

Blacks. 


4. Garnet Bhellac 

. 20 

9. Orange shellac 

. 20 

Naphthol yellow . 

* H 

Spirit black . 

. 2 



10. Orange shellac 

. 20 

Blueh. 


Burgundy pitch 

. 8 

5. Orange shellac 

. 20 

Australian sandarach . 

. 20 

Alkali blue . 

. li 

Nigrosine 

• 4 



11. Orange shellac 

. 40 

Violets. 


Burgundy pitch 

. 40 

Orange shellac 

. 20 

American rosin 

. 20 

. iniline violet 

. 2i 

Nigrosine 

. 8 
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Blacks (continued). 


Reds (continued). 


12. Orange shellao 

. 40 

16. Orange shellac 

. 20 

Burgundy pitch 

. 40 

Diamond fuchsine . 

. li 

American rosin 

. 20 

Turmeric extract . 

. 10 

Nigrosine 

. 8 



Reds. 


Greens, 


18. Orange shellac 

. 20 

17. Orange shellao 

. 20 

Spirit scarlet . 

• H 

Brilliant green (oz.) 

. 10 

14. Orange shellac 

. 20 

18. Orange shellao 

. 20 

Magenta 

• ^ 

Brilliant green (oz.) 

. 10 

Martin’s yellow 

• 4 

Ghrysoidine (oz.) . 

. 10 

18. Orange shellac 

. 20 

19. Orange shellao 

. 25 

Magenta 

. 1 

Brilliant green 

. 24 

Orleans .... 

• 4 

Naphthol yellow base 

. 1 


The following are best dyestuffs and the quantities required to 
produce very deep shades when mixed with 10 galls, of the finished 
spirit varnish : Spirit blue, C.I. i lb., Victoria blue, B.S. -J lb., 
brilliant green lb., imperial green lb., methyl violet i lb. 
There are many brands of this dye distinguished as 7B, B, 3E ; by 
means of these brands quite a range of variously tinted varnishes, 
from a pure violet with the 7B, to a purple with the 3E, can be 
got. Bright pink, rhodamine B i lb., safranine i lb., crimson 
spirit red B 1 lb., scarlet, spirit scarlet 1 lb., spirit quinoline yellow 
1 lb., orange chrysordine 1 lb., Bismarck brown 2 lb., mahogany 
brown 2 lb., deep blue induline spirit soluble lb., black spirit 
nigrosine or spirit black 2 lb. 


TARLE CLXIIL— CONTINENTAL BOOKDINDBRS’ VARNISHES. 


1. Light brown varnish— 



H. Dragon’s blood . 


2 oz. 

Heiincd pale shellao . 

5 oz. 

Gamboge . 


20 

It 

Venice turpentine 

2 

if 

Sandarach 


4 

)i 

Spirits of wine . 

16 


Shellao 


40 

II 

2. Dark brown varnish— 



Venice turpentine 


10 

It 

Behned dark shellac 

10 

„ 

Spirits of wine . 


200 

II 

Venice turpentine 

5 

It 

9. Mastic 


6 

tl 

Spirits of wine . 

84 

M 

95 per cent spirits of 

wine 

6 

„ 

3. White varnish (a)— 



Ether 


10 

II 

Bleached shellac 

11 

It 

10. Mastitj 


6 

It 

Venice turpentine . 

5 

It 

Sandarach 


6 

II 

Spirits of wine . 

85 

II 

96 per cent spirits of 

wine 

25 

II 

4. White varnish (b)— 



EtW 


13 

II 

Sandarach 

10 

11 

11. Pyrooopal . 


5 

II 

Venice turpentine . 

7 

It 

Mastic 


2 

II 

i)d per cent spirits of wine . 

84 

„ 

95 per cent spirits of 

wine 

6 

II 

5. Varnish for full calf extra— 



Ether 


5 

II 

Shellac .... 

8 

fl 

12. Shellao . 


54 

fi 

Sandarach 

8 


Venice turpentine 


2 

M 

Mastic drops 

2 

II 

96 per cent spirits of 

wine 344 

II 

Venice turpentine 

2 

„ 

13. Shellac 

. 

68 


tIO per cent spirits of wine 

60 

tl 

Sandarach 


180 

II 

Brush lightly over the book. 



Venice turpentine 


15 

11 

6. Elemi .... 

4 

11 

95 per cent spirits of 

wine 790 

11 

Mastic .... 

4 

II 

14. Sandarach 

, 

191 

,11 

Sandarach 

6 


Venice turpentine 

. 

46 

II 

Venice turpentine . 

8 

II 

95 per cent spirits of wine 768 

II 

Spiriis of wine . 

30 

II 

Varnish for maps— 




7. Shellao .... 

20 

II 

15. Pyrooopal . 

. 

24 

II 

Venice turpentine 

2 

II 

Essence of lavender 


8 

II 

Spirits of wine . 

60 

II 

Venice turpentine 

• 

14 

II 



416 


THE MANUFACTUBB OF VARNISHES. 


Varnishes for Coating of Crayon Drawings, — (1) Sandarach lO 
parts, alcohol (95'*) 90 parts. (2) Manila copal 10 parts, alcohol 90 
parts. (3) White gum lac 5 parts, Venice turpentine 5 parts, alcohol 
90 parts. (4) Caoutchouc 2 parts, sandarach 8, oil of turpentine 45, 
benzol 45 parts. (5) Gutta-percha 2 parts, white gum lac 8, benzol 
40, oil of tui’pentine 45 parts. (6) Gutta-percha 3 parts, copal 7, raw 
linseed oil 10, oil of turpentine 80 parts. (7) Caoutchouc 1 part, 
dammar 35, chloroform 6, benzine 250 parts, a little sodium silicate 
being added to neutralize the acidity of the resin. (8) An ammoni- 
acal solution of casein, containing 10 per cent of calcium tannate. 

Photograj)hers' Spirit Varnishes . — Special qualifications are re- 
quired in a varnish for photographic negatives. It must, of course, 
be colourless, hard, and impermeable, but yet elastic and powerfully 
adhesive. If it is deficient in hardness it will become damaged by 
the printing of positives from it, and if it is not sufficiently elastic 
it is sure to develop cracks, when, of course, the negative will be 
spoiled. While possessing the necessary hardness, elasticity, and 
adhesiveness, it must permit at the same time of the plate being 
‘ re-touched after being varnished. All the propoi’tions are strictly by 
weight, whether of liquids or of solids : — 

TABLE CLXIV.-^PHOTOGRAl'HIC VARNISHES. 


1. Sandarach Hi parts. 

Oil of lavendei 12 „ 

Chloroform 2 „ 

Rectified spirits of wine HO „ 

Filter from any insoluble matter. 


2. Leave shellac in a concentrated solution of carbonate of am- 
monia, then drain off the ammonia salt, and replace it by pure water 
(shellac 1 part, water 8 ])arts). The shellac will then dissolve. 

3. Shellac 2 partn. 

Sandarach 12 „ 

Mastic 12 „ 

Ether l-iO „ 


After the solution is complete add 9 parts of benzole. 

4. Digest 2 parts of dammar with 9 parts of acetone in a well- 
corked bottle in a warm place for a fortnight, shaking occasionally. 
Then decant from the insoluble residue. Several coats of this var- 


nish will be required. This varnish 

also answers well for pt 

5. Shellac 

73 parts 

Sandarach . . . . 

10 „ 

% per cent spirits of wine 

013 „ 

6. Amber, fused .... 

2 „ 

Copal 

2 „ 

Benzol 

. . 4 „ 

Rectified spirits of wine . 

30 „ 

7. Amber, fused .... 

4 ., 

Copal 

4 „ 

Mastic 

2 „ 

Petroleum ether 

20 „ 

Rectified spirits of wine . 

. . . 40 ., 

8. Sandarach .... 

40 „ 

Turpentine, Venice . 

4 „ 

Oil of lavender . . - . 

. ... 6 


. . 3 M 
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Spirit Varnishes for Eendering Linseed OH Siooatm, — No. 1,— 
Heat 6 parts of soft copal (powdered) in a mixture of 1 part ether 
and 6 parts of alcohol, and, when dissolved, add 4 parts of oil of 
turpentine. 

No. 2. — Dissolve 1 part of copal (powdered) in 8 parts of ether, 
in which ^ part of camphor has been dissolved. 

No. 3. — Digest 2 parts of elemi, 10 parts of mastic, 10 parts of 
sandarach, 3 parts of Venice turpentine, in 100 parts of spirits of 
wine or methylated spirit. 

No. 4. — Dissolve 4 parts of rosin, 1 part of elemi in 12 parts of 
methylated spirit of wine. 

No. 5. — Dissolve 5 parts of rosin and 1 part of mastio in 80 
parts of methylated spirit. 

No. 6. — Dissolve 1 part of camphor in 40 parts of methylated 
spirit, and then add 1 part of mastic and 2-^ parts of sandarach. 

No. 7. — Dissolve 5 parts mastic, 6 parts of sandarach, | part 
Venice turpentine in 30 parts methylated spirit. 

No. 8. — Dissolve 5 parts mastic, 10 parts sandarach resin, ^ part 
of Venice turpentine in 26 parts of spirits of wine. 

When these spirituous solutions of resins are complete they 
are ready for use in the proportion of 6 to 10 per cent of oil to 
be rendered siccative (bulk or liquid measure). In preparing the 
above resinous solutions, all parts are taken by weight. 

These oil siccative recipes are reproduced without prejudice for 
what they are worth. The writer has not tested their efficacy. The^ 
oils so treated may be useful with inert pigments, but they would 
cause lead, etc., pigments to set. 


TABLE CLXV.-SPIEIT VAENISHES, COMPILED BY AN ITALIAN ATJTHOBITT. 



Alcohol, 

06 per cent. 

i 

Mastic. 

VeneUan 

Turpentme. 

Amber. 

Ground Glass. 

Shellac. 

1 

11 

liver Shellac. 

s 

Ainme. 

i 

1 

1. 

500 

260 









' 






— 


2. 

1876 

876 

260 

16 


— 

— 

— 

. — 


— 

— 

— 

— 

8. 

2000 

126 

60 

80 

126 

80 

— 

— 

— 


— 

— 

— 

— 

4. 

8000 

600 



60 



260 

-1. 

— 

— 

— 

— 



8. 

1000 

90 

176 

90 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

6. 

1000 

16 

15 

— 

— 

— 

no 

180 

— 

— 

— 

— 

— 

— 

1. 

5000 








— 

— 


800 (1) 

600 

— 


— 


8. 

1600 

180 

126 

260 

— 

— 

— 

— 

— 


— 

— 

— 


8. 

1000 

187 




126 


— 


— 

126 

82 

16 


4. 

1000 

187 



126 



126 

62 


_ 


— 

— 

— 

196 

6. 

4000 

760 


— 

— 

— 

— 

— 

— 

— 



m 

9aor 

6. 

1000 

120 

876 

86 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— : 

7. 

2000 

126 

81 

62 


126 


81 

— 

62 



— 

— ' 

8. 

4000 

600 



— 

— 


— 

— 

— 

— 

— 

— 

980 

9. 

1260 



— * 

260 


— 

— 

— 

— 

— 

— 

11 


10. 

1000 

160 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

80 


11. 

676 

675 

— 

180 (2) 



90 







100 


w 
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. Nos. 1 to 6 are spirit varnishes for general use. Nos. 1 to 4 hre 
mahogany varnishes. Nos. 5 and 6 are flexible varnishes. No. 7 is 
for colour printing. Nos. 9 and 10 for metals. 

TABLE CLXVL-OONTINUATION OF TABLE CLXV. 



Furniture . 9*6 500 360 — 120 120 260 — 260 

Sculpture . 2000 400 — 100 - — — — - 600 100 

Ck)lden . 500 - 260 60 — — — — — 16 -- - 15 16 16 

Physical In- 

Btrument 1000 100 — 50 — — — 100 - 60 36 81 — 10 140 

Black . 4000 - — 1600 — — — — — — 180 45 

For iron . 1125 — — 180 — 60 — 60 

Violin Varnish.— The golden-yellow varnish which violin makers 
used in the eighteenth century is given thus in an old work dated 
1790 : “ Pound separately 4 oz, of stick lac, 4 oz. of gamboge, 4 oz. 
of dragon’s blood, 4 oz. of annotta, and 1 oz. of saffron ; put each 
separately into a quart of alcohol, and expose them for five days in a 
narrow-mouthed bottle to the sun, or in a very warm room, shaking 
them frequently. When aU are melted (dissolved) mix them to- 
gether.” 

Another “ violin varnish ” of the eighteenth century was made as 
follows : ** Put 4 oz. of gum sandarach, 2 oz. of gum mastic, 1 oz. 
of gum elemi, into a quart of alcohol, and hang them over a slow Are 
till they are dissolved ; then add 2 oz, of turpentine By “ turpen- 
tine ” is probably meant Venice turpentine ; but it may mean also 
spirits of turpentine. 

Watin’s formula for violin varnish was as follows ; — 


A. 


Sandarach 

125 parts by wt. 

Seed lac ... . 

. . . . 62 „ 

Mastic in tears . 

.... 62 ,, 

Elemi .... 

. . . . 81 „ 

Venice turpentine 

62 „ 

Alcohol .... 

.... 1000 ,, 


It will be seen that this formula is not sufficiently elastic. An- 
other one, proposed as a substitute, was as follows : — 


B. 


Sandarach . 

...... 80 

parts by wt. 

Mastic 

...... 100 


Elemi 

...... 80 

It 

Coloured essence 

60 

It 

Castor oil . 

...... 60 

It 

Alcohol . 

1000 

It 
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* Without going into all the details of his experiment, an authority 
has arrived at a formula which he considers in every way suitable 
and satisfactory for the intended purpose. It is composed of : — 


Mastio (tears) . 
Dammar, soft white . 
Coloured turps . 

Raw linseed oil . 



10 parts by wt. 

6 n 
100 
5 


It is made as follows : A layer of ground glass is placed in a 
wide-bottomed flask, then the 100 parts of the coloured turps, then 
the mastic, and the two left in contact together for several hours, 
with frequent shaking. The dammar is then added, which takes 
another twenty-four hours for solution. In winter each period will 
require to be extended to thirty hours. The oil is then added, and 
well incorporated with the varnish by frequent shaking. After 
standing for another fifteen hours in diffused daylight the whole is 
filtered through a cotton cloth. The varnish is greatly improved by 
keeping from six to eight months before use. The red colouring 
matters are sandalwood deep (Calliatour), dragon’s blood; and 
gamboge for the yellow ; mixtures of the three giving any desired tint, 
A colourless violin varnish is obtained from the following recipe : — 


D. 


Mastio (tears) 20 parts by wt. 

Dammar, white 10 „ 

Turps 100 „ 

Raw linseed oil 12 „ 



Fig. 54.— Filmometer. [See page 421.] 




•PAET V. 

TESTING AND ANALYSIS OF SPIRIT VARNISHES. 
CHAPTER XXVL 

ANALYSIS, VALUATION, AND PRACTICAL TESTING OF SPIRIT VAR- 
NISHES-TECHNICAL VALUATION. 

In the valuation of spirit varnishes, two great points must be care- 
fully and minutely examined, viz. (1) the physical properties, and 
(2) the chemical composition. In examining the physical properties 
the chief points to be determined are the manner in which the var- 
nish dries, and the time that elapses between the application and 
drying of the varnish. It is a sine qua non that the varnish should 
not dry tacky unless wanted as a mordant or fixture for gold-leaf 
or as a medium for applying colours in porcelain enamelling. The 
quicker the varnish dries, other things being equal, the more valu- 
able and economical it is, as less time is lost by the workmen in 
waiting for a previous coat to dry before applying the next. The 
quickest and perhaps the best way to test the drying of a spirit 
varnish is to run some on to a glass slab and place it in a water- 
bath at 212° F. and note the time it takes to dry and the manner in 
which it dries, attacking the coat with the thumb-nail when the dry 
varnish is cool and pressing with all one’s might the thumb on to the 
varnish to detect tackiness. Body, brilliancy, transparency, colour, 
elasticity, the hardness, as well as the capacity of the varnish to 
withstand wear and tear ; the action of the weather and the alterna- 
tions of temperature produced by day and night, summer and winter, 
etc., have each and all to be studied before a definite conclusion can 
be arrived at, having regard to the special object in view ; the climate 
in which the varnish is to be used and the temperature or tempera- 
tures to which the object may be exposed during the whole course of 
its existence. A varnish, therefore, which may be very valuable for 
one purpose may be worthless, or worse than worthless, for another. 
The valuation of varnish, therefore, depends almost entirely upon the 
experience of the expert, and above all on his good sound common- 
sense. Through the long handling of varnish the true bona-fide ex- 
pert can distinguish almost intuitively good varnish from bad. He 
calls to his aid the senses of sight, touch, and smell, and he knows 
how to apply each and all of these organs of senses so as to form 

f420^ 
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the best possible judgment on the quality of the varnish. Where it 
is a decided case for the thumb-nail and pressure of the thumb itself 
he does not apply a slight gliding motion of the fingers or a down 
hair-stroke motion of a single finger ; where a bad judgment is formed 
or a test performed in a perfunctory way, a graph to illustrate' such 
an error of judgment is highly misleading. The presence of Manila 
copal in spirit varnish may always be detected by its peculiar aro- 
' matic odour. The perception of this smell in a varnish at once re- 
calls to the expert that Manila has a tendency to string on application. 
He therefore at once presses a drop between the finger and thumb, 
and if Manila be present after the spirit has evaporated to a certain 
extent the resin may be drawn dut in long thong-like strings. It is, 
however, to be observed that certain other resins, e.g. common rosin, 
are often added to Manila copal to counteract this tendency. 

Testmg Varnish Films by the Filmameter . — The instrument con- 
sists essentially of a graduated upright tube seen on the left hand of the 
illustration (p. 419). This tube is fixed by means of sealing-wax to 
two circular brass plates between which the film to be tested is placed 
and which are clamped together while the test is being conducted.. 
These plates are bored with a hole vertically under the orifice of the 
upright graduated tube. This hole measures exactly one square centi- 
metre in area and is circular. The upright tube is graduated in lineal 
centimetres, and is called the pressure tube. The burette shown on the 
right of the illustration is also graduated in centimetres and contains 
mercury which is conveyed by the side limb of the pressure tube to 
the latter, and is the means by which pressure is brought to bear 
upon the film under test. Above the pressure tube is fixed a wheel 
over which runs a thread terminating at one end in a metal rod with 
a fioat at the end. The metal rod and fioat extend to near the 
bottom of the pressure tube. To the other end of the thread is 
attached a counterpoise. Immediately under the openings of the 
metallic plates are arranged two pieces of iron inclined at an angle 
of 90°, and insulated by a thin piece of india-rubber. These two 
plates are connected up by wires with a pair of electro magnets 
shown above the pressure tube, the circuit being completed through 
an electric bell shown behind the side limb of the pressure tube and 
switch shown in the centre of the diagram. 

The film to be tested having been placed between the brass plates 
underneath the pressure tube, mercury is run into the pressure tube 
from the burette. As the mercury rises in the pressure tube it pushes 
the fioat upwards. When the weight of mercury in the pressure 
tube ruptures the paint film, the mercury falling on to the two in- 
sulated iron plates completes the electric circuit. The two small 
coils above the pressure tube instantaneously become magnetized 
and hold the metal rod firmly in position, thus enabling a reading to 
be taken of the height of the mercury accumulated in the pressure 
tube when rupture took place. At the moment when the coils be- 
come electrified the bell rings, and the operator who is carefully 
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watching the burette immediately turns off the stopcock and takes 
the reading on the burette. 

Two readings are thus obtained : (1) the reading on the burette ; 
(2) the reading on the pressure tube. The reading on the burette 
gives the weight of mercury necessary to rupture the film under the 
conditions of the experiment, while the difference between the read- 
ings of the burette and the pressure tube gives the volume due to 
the sag of the film which is taken as a measure of its elasticity. In 
the case of perfectly non-elastic substances the reading of the burette 
and the pressure tube would of course always bear the same relation. 


0 



Fig. 55.---DuboBcque’B Colorimeter. 


Temperature is a most important factor in film-testing experiments, 
and the experiments should be conducted at a uniform temperature. 
In America 70® F. is the temperature usually adopted. Here again 
an indifferent operator with an elaborate instrument of this nature 
may be constrained to give a less true opinion of a varnish film than 
a true expert with his thumb and thumb-nail as his only tools. 

Colour , — One of the most important points connected with the 
valuation of varnishes is its colour at the outset and the amount 
of change in colour after the varnish is applied. According to Mr, 
Grace it is not always the palest varnishes that are most satisfactory 
in retaining their colour, oases sometimes occurring where a pale 
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varnish darkens so much on exposure as to become actually darker 
than one originally much deeper in colour after the two had been ex- 
posed under the same conditions for a year or two. 

The comparative depth of colour of varnishes may be estimated 
by Duboscque B colorimeter. 

Description, — Fig. 1 represents front view of apparatus. When 
in use the operator stands behind. Fig. 2 represents back view, and 
shows the divisions and the vernier. Fig. 3 the path of the light 
inside the instrument. Fig. 4 shows the appearance of the dia- 
phragm seen through the eyepiece when the apparatus is regulated 
to zero. Fig, 5 shows the same and use as Fig. 6 when an equality 
of tones has been obtained. 

The Path of the Light (Fig. 8). — The diffused light, a clamp or 
a monochromatic burner, after being reflected on to a mirror A, is 
separated into two beams, which penetrate respectively into the two 
tubes B, B. The right beam is reflected twice in the right half of 
prism K, penetrating into the eyepiece ; it only affects the right half 
of the fleld ; the left beam does exactly similar, affecting only the 
left side of the fleld. No bright light is needed; it is sometimes 
better to place before the mirror A a piece of ground glass. (A piece 
is supplied.) 

Instructions for Using, — This instrument gives relative results. 
Place standard coloured liquid in left tube B. Place liquid to be 
compared in right tube B. Now lower the right tube D until it 
reaches what appears to be the most convenient point for estimation, 
which depends on the colour of the liquids ; now note the divisions 
on scale corresponding to the standard liquid. Lower the tubes D 
till they, touch the bottom of B and the verniers g mark zero. Look 
through 0, and then gradually move the apparatus till both half 
flelds are equally illuminated ; now move screws E till equality of 
tone is produced. For two liquids the colour is inversely propor- 
tional to the density of the column of liquid traversed by the light 
and proportional to the quantity of dissolved matter. 

Example, — Suppose a liquid gives a reading of 12“5, and the 
standard is 10°^, we shall then have the following proportion : — ■ 

Colour of liquid height of standard ^ 10^ 

Colour of standard height of liquid 12“6 ’ 

so the colour of the standard being represented by 1, that of the 
liquid will be 0*8. 

To Clear Tubes B, — Eaise pistons D, take out tube B, unscrew 
ring C, take off the glass at bottom. The rest can be easily cleaned 
by means of a flne cloth. 

Viscosity of a Spirit Varnish and What it Teaches, — Eosin is the 
least viscous of all resins, especially when heated. When the viscos- 
ity of a warm spirit varnish is very low compared with its denBity, 
then it may be taken that it contains much rosin or oleo-resin. 

Description of the Apparatus, — The instrument consists of a 
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tilvered brass oil-oylinderi furnished with an agate jet, and sur- 
rounded by a oopper-bath. A copper tube, closed at the lower end, 
projecting at an angle of 45° from the side of the bath, near the 
bottom, provides a means of heating the bath liquid, and by the use 
of a revolving agitator, which forms part of the apparatus, the heated 
liquid rising from the copper tube can be uniformly distributed 
through the bath. The agitator carries a thermometer to indicate 
the temperature of the bath. The container is furnished with a 
stopper, consisting of a small brass sphere attached to a wire, the sphere 



resting in a hemispherical cavity in the agate jet. A short standard, 
attached to the container, carries a clip to support a thermometer in the 
varnish. Inside the oil-cylinder, and at a short distance from the top, 
is fixed a small bracket, terminating in an upturned point, which 
forms a gauge of the height of the oil level. The instrument is sup- 
ported on a tripod stand provided with levelling screws. 

Dimtions for Use,— The bath is filled with a suitable liquid to a 
'height roughly corresponding with the point of the gauge in the con- 
tainer. Water answers well for the temperature up to 200° F., 
and for higher temperatures a heavy mineral oil may be used. The 



TESTING OF SFIBIT VABNISHEg. ^ 425 

liquid having been brought to the required temperature, the varnish to 
be tested, previously brought to the same temperature, is poured into 
the oil-cylinder, until the level of the liquid just reaches the point of 
the gauge. A narrow-necked flask, holding 50 c.c. to a point marked 
on the neck, is placed beneath the jet in a vessel containing a liquid 
of the same temperature as the varnish. The ball valve is then raised, 
a stop-watch at the same time started, and the number of seconds 
occupied in the outflow of 50 o.o. noted. It is of the greatest im- 
portance that the container should be filled exactly to the point of 
the gauge, after inserting the thermometer, and that the given tem- 
perature should be precisely maintained during the experiment, 
a difference of F. making an appreciable alteration in the 
viscosity of some oils. It is also essential that the varnish should he 
quite free from dirt or other suspended matter, and from globules of 
water, as the jet may be otherwise partially obstructed. If the 
container requires to be wiped out, paper rather than cloth should be 
employed, as filaments of the latter may be left adhering. When 
varnishes are being tested at temperatures much above that of the 
laboratory, a gas flame is applied to the copper heating tube, and 
the agitator kept in gentle motion throughout the experiment. 

Note. — The jet should be carefully examined before the apparatus 
is used, and, if necessary, should be cleaned by passing a piece of 
soft string through it. The apparatus should be adjusted by means 
of the levelling screws, so that a spirit le'vel placed on the top of the 
varnish-cup shows it to be horizontal. , ^ 

^Method of Expressing the Results, — Sir Boverton Bedwood re- 
commends that the number of seconds occupied in the outflow of 50 
c.c, of the fluid under examination should be multiplied by 100 and 
divided by 535 (the number of seconds occupied in the outflow of 50 
c.c. of average refined rape oil at 60*" F.). The resulting figures 
should then be multiplied by the specific gravity of the fluid under 
examination at the temperature of the experiment, and divided by 
915 (the specific gravity of refined rape oil at 60° F.) ; the necessary 
correction for specific gravity being thus made, the final figures will 
express the viscosity of the varnish, at the temperature of the test, in 
terms of viscosity of refined rape oil at 60° F. 

The Flash-point of Spirit Varnishes as a Key to the Solvent 
Present, — The apparatus for determining the flash-point of volatile 
liquids like spirit varnish consists of a vessel, the outlines of the essen- 
tial portion of which are shown on the top of the illustration (Fig. 58). 
The main bulk of the large cylinder is filled with water, but the o'up 
containing the oil dips into a hot air chamber, heated by the cylin- 
drical bath underneath. The test apparatus should be placed for use 
in a position where it is not exposed to currents of air or draughts. 
The heating vessel or water- bath is filled by pouring water into the 
funnel until it begins to flow out at the spout of the vessel. The 
of the water at the commencement of the test is to he 
this is attained in the first instance either by mixing 


temperature 
180* F., and 




Fio. 58.— Abers Flasb -point Apparatus. 

filM, unta the thermometer, which is provided for testing the tem- 
perature of the bath, gives the proper indication, or by heating the 
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water with the spirit lamp which is attached to the stand of the ap- 
paratus until the requir^ temperature is indicated. If the water 
has been heated too highly it is easily reduced to ISO*’ F. by 
pouring in cold water to replace a little portion of the warm water, 
until the thermometer gives the proper reading. When a test has 
been completed this water-bath is again raised to 130° F. by 
placing the lamp underneath, and the result is readily obtained whilst 
the petroleum cup is being emptied, cooled, and refilled with a fresh 
supply to be tested. The lamp is then turned on its swivel from 
under the apparatus, and the next test is proceeded with. The test 
lamp is prepared for use by fitting it with a piece of flat plaited 
candle wick, and filling it up with colza or rape oil up to the lower 
edge of the spout or wick tube. The lamp is trimmed so that when 
lighted it gives a flame of about O'lfi inch in diameter, and this size 
of flame is maintained by simple manipulation from time to time with 
a small wire trimmer. When gas is available it may be conveniently 
used instead of the little oil lamp, and for this purpose a test flame 
arrangement for use with gas has been devised. The bath being 
raised to the proper temperature the liquid to be tested is introduced 
into the cup, being poured in slowly, until the level of the liquid 
just reaches the point of the gauge which is fixed in the cup. In 
warm weather the temperature of the room in which the samples 
to be tested have been kept should be observed, and if it exceeds 
65° F. the samples to be tested should be cooled down (to about 
60° F.) by immersing the bottle containing them in cold water, or 
by any other convenient method. The lid of the cup with the side 
closed is then put on and the cup is placed into the bath or heating 
vessel. The thermometer in the lid of the cup has been adjusted so 
as to have its bulb just immersed in the liquid, and its position is 
not under any circumstances to be altered. When the cup has been 
placed in a proper position the scale of the thermometer faces the 
operator. The test lamp is then placed on position upon the lid of 
the cup. The lead line or pendulum, which has been fixed in a 
convenient position in front of the operator, is set in motion, and 
the rise of the thermometer in the cup containing the liquid to be 
tested is watched. When the temperature has reached about 66° 
F. the operation of testing is commenced, the test flame being 
applied once for every rise of one degree in the following manner : 
The slide is slowly drawn open while the pendulum performs three 
oscillations, and is closed during the fourth oscillation. Note . — If 
it be desired to employ the test apparatus to determine the flash- 
points of very low volatility, the mode of proceeding is to be modi- 
fied as follows : The air chamber surrounding the cup is to be filled 
with cold water to a depth of inches, and the heating vessel or 
water- bath is filled as usual, but also with cold water. The lamp is 
then placed under the apparatus and kept there during the entire 
operation. With a liquid with a flash-point of 150° F. the opera- 
tion may be commenced with water previously heated to 120° F., 
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instead of with cold water. The above apparatus (Abers) is the 
only legal one. It is useless for railway or other purposes to work 
with another. Besults obtained by instruments other than the 
legally recognized one, or its authorized modification for composi- 
tions (Figs. 61-2), will not be accepted in a court of law ; but as Gray’s 
apparatus (Fig. 59) gives highly useful indications in oases where 



Fio. 59.— Gray’B Flash-point Apparatas. General view. 

domestic legislation plays no part, we reproduce a section of it here 
(Fig. 60). It will be seen that it is fitted with a stirrer, otherwise it 
shows the nature of the cup inside the Abel’s, and it also shows 
the jet which dips automatically into the oil cup by a mechanical 
arrangement. Gray’s apparatus and its modus opercmdi are ’fully 
described in Livaohe and McIntosh’s “ Varnishes,” Vol, 1, but the 
l^nsent illustrations show a new and improved form of this instru- 
ment. 
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The reason for taking the atmospheric pressure is because the 



Fig. 60.— Gray’s Flash-point Apparatus, Section. 

flash-point varies to a considerable extent with the pressure, as shown 
in the following table : — 

TABLE CLXVIL— FLASH-POINT CORRECTION TABLE FOR VARIATIONS 
IN ATMOSPHERIC PRESSURE. 


Atmos. 
Press, 
in mm. 

Flash-points in °C. 

685 

16-4 

16*9 

17'4 

17*9 

18*4 

18*9 

19*4 

19*9 

20*4 

20*9 

21*4 

21*9 

22*4 

690 

16-6 

17*1 

17-6 

18*1 

18-6 

19*1 

19-6 

20*1 

20*6 

21*1 

31-6 

22*1 

22*6 

696 

16*7 

17*2 

17'7 

18*2 

18*7 

19*2 

19*7 

20*2 

20*7 

21*2 

21*7 

22*2 

22*7 

700 

16*9 

17-4 

17*9 

18-4 

18*9 

19*4 

19*9 

20*4 

20*9 

21‘4 

21*9 

22*4 

22*9 

705 

17*1 

17*6 

18*1 

18*6 

19*1 

19*6 

20*1 

20*6 

21*1 

21*6 

22*1 

22*6 

28*1 

710 

17-8 

17*8 

18*3 

18*8 

19*3 

19*8 

20*8 

20*8 

21*8 

21*8 

22*8 

22*8 

28*8 

716 

17-4 

17*9 

18*4 

18*9 

19*4 

19*9 

20*4 

iO ‘9 

21*4 

21*9 

22*4 

22*9 

28*4 

720 

17*6 

18*1 

18*6 

19*1 

19-6 

20*1 

20*6 

21*1 

21*6 

22*1 

22*6 

23*1 

28*6 

726 

17'8 

18-8 

18*8 

19*3 

19*8 

20*8 

20*8 

21*8 

21*8 

22*8 

22*8 

28*8 

38*8 

780 

18-0 

18*5 

19*0 

19*5 

20*0 

20*5 

310 

21*5 

22*0 

22*5 

23*0 

28*5 

24*0 

785 

18'1 

18*6 

19*1 

19*6 

20*1 

20*6 

21*1 

21*6 

22*1 

22*6 

28*1 

28*6 

24*1 

740 

18*8 

18*8 

19*8 

19*8 

20*8 

20*8 

21*8 

21*8 

22*8 

22*8 

28*8 

28*8 

24*8 

745 

18*5 

190 

19*6 

20*0 

20*5 

21*0 

21*6 

22*0 

22*5 

28*0 

28*5 

24*0 

24^5 

760 

18-7 

19*2 

19*7 

20*2 

20*7 

21*2 

21*7 

22-0 

22*7 

28*2 

28*7 

24*2 

24*7 

755 

18*8 

19*8 

19*8 

20*8 

20-8 

21*8 

21*8 

22*8 

22*8 

28*8 

28*8 

24*8 

24*8 

»760 

19*0 

19-5 

20*0 

20*5 

21*0 

21*5 

22*0 

22*5 

28*0 

28*5 

24*0 

24*5 


765 

19*2 

19*7 

20*2 

20*7 

21*2 

21*7 

22*2 

22*7 

28*2 

28*7 

24*2 

24*7 

25!9 

770 

19*4 

19*9 

20*4 

20*9 

21*4 

21*9 

22*4 

22*9 

28*4 

28*9 

24*4 

24*9 

28*4 

776 

19*5 

20*0 

20*5 

21*0 

21*5 

22*0 

22*5 

28*0 

28*5 

24*0 

24*5 

25*0 

85*5 

780 

19*7 

20*2 

20*7 

22*2 

21*7 

22*2 

22*7 

28*2 

28*7 

24*2 

24*7 

25*2 

25*7 

785 

19*9 

20*4 

20*9 

21*4 

21*9 

22-4 

22*9 

28*4 

28*9 

24*4 

24*0 

25*4 

25*8 


^Normal presiare * 
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Explanation. — liquid flashing at 16'4” C. at 685 mm. pres- 
sure would flash at 19'^ C. at the normal pressure of 760 mm., and 
80 on. 


TABLE CLXVm.-SHOWING FLASH-POINTS IN *0. OF VARIOUS 


Aoetio add glaolal 

LIQUn)S. 

®0. 

. 44 Motorbenzol 



“C. 

90 

Aloohol, 94-6 per cent 

14-20 

Olive oil . . 



215-60 

Aniline 

26 

Paraffin (? wax) . 



158-195 

Benzene (ooal-tar) 

. - 15 

„ oils 



107 

Brandy 

29 

Petroleum ether . 



- 20 

Camphor oils 

55 

« • • 



21-23 

Carbon disulphide 

. - 20 

Poppy oil . 



255 

Cotton-seed oil . 

. 170 

Rape „ . 



210-805 

Dimethylaniline . 

76 

Rosin „ . 



180 

Engine oil spindle 

. 135-190 

Sesame oil 



255 

Ether .... 

. -20 

Sherry 



54 

Fusel oil . 

46-54 

Sludge (petroleum refinery) 

40 

Hollands gin 

32 

Solar oil . 



60 

Kaiser oil . 

40-48 

Spermaceti 



250 

Kerosene 

27-83 

Tar . 



48 

Lard oil . 

. 240 

Toluene 



7 

Linseed oil 

, 816-350 

Toluidine . 



85 

Lubricating oil . 

. 260-320 

Turpentine spirits 



35 

„ „ light motors 20C 

Whisky 



28 

Methyl alcohol . 

. - 0 

Xylene 



80 

Monoohlorbenzol 

27-5 

Xylidin . . 
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In working with the Abel Pensky instrument the temperature (^) 
at which the test is first applied varies with the atmospheric pressure 
(5), as shown in the following table : — 


TABLE CLXIX.-ABEL PENSKY FLASH-POINT AND PRESSURE. 


6. 

t 

h. 

t. 

685-695 mm. 
696-705 „ 
705-716 „ 
716-726 „ 
726-736 „ 

+ 14® 

14- 5° 
16'0® 

15- 5® 
16*0® 

m-Uf> mm. 
745-755 „ 
765-766 „ 
765-775 „ 
776-785 „ 

-f 16*0® 
16’6° 
17-0® 
17-0® 
17*5° 


Directions for Testing the Flash-point of Petroleum Mixtures such 
as Spirit Varnish Enamels, — 1. Liquid Mixtures. — Where the pet- 
roleum mixture is wholly liquid, flows quite freely, and does not 
contain any sediment or thickening ingredient, such mixture shall 
be tested in the manner set forth in Sch^ule 1 to the Petroleum Act, 
1879 (see pp. 426-7). 

2. Viscous and Sedimentary Mixtures, — Where , the petroleum 
mixture contains an undissolv^ sediment, as in the case of some 
metal polishes, which can be separated by filtration or by settlement 
and decantation, the sediment may be so separated and the decanted 
liquid may be tested in the manner set forth in Schedule 1 to the 
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Petroleum Act, 1879. In carrying out such separation, care must 
be taken to minimize the evaporation of the petroleum. The separa- 
tion of the sediment must not be effected by distillation. Where the 
petroleum mixture is such that sediment cannot be separated by the 
aforementioned means, or where it is of a viscous nature, as in the 



Fw. 61.^0ov6nmient Flash-point Apparatus for Tisoons and sedimentary 
mixtures (Yamishes, paints, enamels, antifouling aompositions, polishing pastes), 
showing internal arrangements of oup. 

case of india-rubber solution, quick-drying paints, etc., such mixture 
plift.ll be tested in the apparatus modiff^ as shown in the drawing 
hereto. This apparatus differs from that prescribed in Schedule 1 to 
the Petroleum Act, 1879, only in the addition of a stirrer to equalize 
the temperature throughout the sample under test. In carrying out 
the test of a viscous petroleum mixture, this stirrer shall be con- 
stuitly revolved at a slow speed, except when applying the test 
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flame, with th6 fingers, the direction of revolution being that of the 



Fig, 62 .— Government Flash-point Apparatus for visoous and sedimentarv 
mixtures (varnishes, paints, enamels, antifouling compositions, polishina naateaf 
fitted up lor applying test. ^ 

hand of a clock. With the exception of the use of the stirrer tlbe 
manner of carrying out the test shall be that set forth in SohednJe l / 

28 ; 
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to the Petrolejam Act, 1879. The stirrer may be rembved by grasp- 
ing the spindle just above the blades with the finger and thumb, and 
unscrewing the upper sheath. The opening in the lid, through 
which the stirrer passes, may then be closed by a plug provided for 
the purpose. When this has been done, the apparatus shall be 
deemed to comply with the specification set forth in Schedule 1 of 
the Petroleum Act, 1879, and may be used for testing ordinary 
petroleum or solid petroleum mixtures. A model of the aforemen- 
tioned apparatus will be deposited with the Board of Trade, and the 
provisions of Section 3 of the Petroleum Act, 1879, in regard to 
verification and stamping shall apply also to such apparatus as though 
it were the apparatus prescribed by the said Act. For the purpose 
of carrying out such verification the stirrer shall be removed and the 
opening plugged as hereinbefore directed. The apparatus shall then 
be tested with ordinary petroleum. The stirrer shall be verified by 
comparison of measurements. 

3. Solid Petroleum Mixtures . — Where the petroleum mixture is 
solid, as in the case of naphtha soaps, etc., the apparatus to be used 
for the test shall be that prescribed in Schedule 1 of the Petroleum 
Act, 1879. The method of carrying out the test of such solid mix- 
ture shall be as follows : The solid mixture must be cut into cylinders 
1-i inches long and J inch in diameter by means of a cork borer or other 
cylindrical cutter having the correct internal diameter. These cylin- 
ders are to be placed in the petroleum cup of the testing apparatus 
in a vertical position in such number as will completely fill the cup. 
The cylinders must be in contact with one another, but must not be 
so tightly packed as to be deformed in shape. Five or six of the 
cylinders in the centre of the cup must be shortened to ^ inch to allow 
space for the thermometer bulb. The air-bath of the testing appara- 
tus must be filled to a depth of 1-J inches with water. The water-bath 
must then be raised to and maintained at a temperature about 75'^ 
F. The cup must then be placed in the air-bath, and the tempera- 
ture of the sample must be allowed to rise until the thermometer in 
the oil cup shows 72“ F., when the test flame must be applied. If 
no flash is obtained, this temperature must be maintained constant 
in the oil cup for one hour, at the expiration of which time the test 
flame must again be applied. If a flash is obtained, the solid mix- 
ture will be subject to the provisions of the Petroleum Acts in virtue 
of this Order. 

Note. — It may in many cases save time in testing samples of 
petroleum mixtures to apply the test flame after the sample has been 
a few minutes in the cup, and while still at the temperature of the 
room in which the test is being carried out, provided that this tem- 
perature is below 73“ F. If a flash is obtained by this means, it is 
unnecessary to proceed with the test at a higher temperature. 

Chmical Analysis of Spirit Varnish . — From the chemical point 
of view the analysis of varnish consists in the determination of the 
solvent or solvents and the resin or resins (natural or artificial) and 
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their relative proportions, that is, of the solvents when more than one 
is present, to each other, and also of the different resins or other 
soluble solid bodies to each other and the relative aggregate propor- 
tion of the liquids to the aggregate of the solids, and should be so 
expressed as to constitute a formula from which the intelligent var- 
nish-maker may match any sample of varnish submitted to him and 
thus enable him to quote a price or submit a tender for the supply of 
the same in large or small quantities. But the buyer of varnish or 
the tenderer offering to supply same according to a certain formula 
or analysis must beware of the radical difference in the meaning of 
so many lb. of say shellac to a gallon, and so many lb. in a gallon. 
So many lb. of resin in a gallon mean that so many lb. of resin or 
resins are to be taken and dissolved in the solvent so as to make 
the varnish when finished measure one gallon. There cannot there- 
fore be a gallon of solvent in the finished varnish. This of course is 
fundamentally different from taking so many lb. of resin and dis- 
solving the same in a gallon of alcohol, when the bulk of the alcohol 
will be increased by the bulk of the resin, the latter occupying almost 
the same bulk in a spirit solution as it does in its separate existence. 

The Density or Specific Gravity of a Varnish, its Mode of Deter^ 
mination and the Lesson it Conveys, — As to the method of taking the 
specific gravity of a spirit varnish, take a bottle of a capacity of 1000 
grain measures of distilled water up to mark at 60° F., tare it or coun- 
terpoise it, fill up to mark with the varnish at 60° F., insert stopper 
with hole drilled through it and wipe well, getting quit of air bells ; 
place on weighing pan of balance and counterpoise on other pan. The 
actual number of grains in integers required to restore equilibrium 
give^ the specific gravity of the varnish to the third decimal place, 
water = 1*0. The density of a spirit varnish can very well be 
taken by means of a hydrometer marking say 0*850 to 0*900, which 
can be got from any dealer in chemical apparatus for about Is. 6d. 
(Fig. 23, Vol. I), and anyone of discrimination can find numerous 
other uses for this instrument both in the buying and testing of 
solvents and in the testing of spirit varnishes. Any deviation from 
the usual specific gravity of a spirit varnish means some alteration in 
the making whether for good or evil. The point to be borne in mind 
is that varnish-makers of good reputation always make their varnishes 
from the same raw materials and in the same proportions. The 
specific gravity of their varnish should not alter ; if it does the buyer 
has a right to know the reason why ; if the specific gravity increases 
the question is whether a cheaper resin, such as common rosin, has 
not been introduced and a larger amount of resins brought into 
solution per gallon in order to make up for the diminution of the 
viscosity caused by the introduction of rosin. There are no end to 
the questions which the hydrometer will answer. When judiciously 
questioned, it may even point out that weaker alcohol is being used 
if the specific gravity of the varnish has increased, other factors 
remaining constant. 
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The great enlightenment which three useful tools — a Westphal 
balance (an elaborate hydrometer), a graduated measure, and a visco- 
meter — give on spirit varnish-making is well shown in the following 
table specially prepared for this treatise. 

TABLE CLXXI.— Showing>-aB the result of dii'eot experiments (under the direction 
of Mr. Chas. Harrison) by F. A. Flack, at the Borough Polytechnic, Session 1904*6, 
Oil and Colour Trade Glass — the increase in {a) density, (b) volume, and (c) visoosily 
of solutions of American Water White Rosin, from 0-1 lb. dissolved in one British 
Imperial gallon of methylated spirit up to 6 lb. per gallon.’ 
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llJ 

0-1 

0*8295 


20 

2*6 

0-877 

22-0 

89 

0-2 

0‘8290 

0-4 

20 

2-7 

0-878 

‘ 22-4 

40 

0*8 

0*832 

1-0 

20 

• 2 -K 

0 - 81*0 

23-6 

41 

0*4 

0 * 884(1 

1-86 

21 

2-9 

0*882 

24-0 

41 

0*6 

0*8857 

2-8 

22 

8-0 

0-884 

27-2 

42 

0*0 

0 * H 8«9 

8*8 

28 

8-1 

0-886 

28-6 

42 

0*7 

0 - 8 . S 9 

4-40 

24 

8-2 

0*887 

80 

48 

0*8 

0*842 

5-8 

24 

8-8 

0-889 

80-4 

44 

0*9 

0*845 

6*4 

‘24 

8*4 

0*890 

81*6 

44 

1*0 

0-847 

8-6 

25 

3*5 

0*892 

82 

45 

M 

0*849 

9-8 

26 

8*6 

0-898 

82-6 

45 

1-2 

0-851 

11-2 

28 

8*7 

0-895 

88-2 

47 

1*8 

0-858 

12-0 

28 

8*8 

0-890 

84-4 

47 

1-4 

0-855 

13-2 

*29 

8-9 

0*897 

85-0 

48 

1*5 

0-857 

14-6 

29 

4-0 

0-898 

85-8 

49 

1*6 

0-859 

15-6 

80 

4-1 

0-898 

80-4 

50 

1*7 

0-861 

16-6 

80 

4-2 

0-899 

37-2 

52 

1*8 

0-863 

17*8 

81 

4-8 

0-901 

38-0 

64 

1*9 

0-865 

18-6 

32 

4-4 

0-908 

40-6 

56 

2*0 

0-867 

19 -H 

38 

4-5 

0 * IK )6 

41*2 

57 

2*1 

0-869 

20*2 

84 

4-6 

0-906 

42*0 

60 

2*2 

0-871 

20-6 

85 

4-7 

0-907 

48*2 

68 

2*3 

0-878 

21-0 

87 

4-8 

0-907 

44*0 

65 

2*4 

0-874 

21-2 

87 

4-9 

0 - 90 .S 

44*6 

66 

2*5 

0-876 

21 -H 

88 

5-0 

0*909 

40*6 

67 


This table agrees remarkably well with theory. Thus 10 lb. of dry 
rosin in one single fused lump occupy, roughly, the cubical space of Ijf of a gallon 
(possibly ^-jf^ would be nearer, but let os take for simplicity’s sake) ; therefore 5 
lb. will equal of a gallon, or 0*464 gallon. Rosin thus displaces its own bulk of 
methylat^ spirit when dissolved therein. Shellac swells the bulk of methylated 
spirit to practically the same extent as rosin, but it increases the viscosity in a, much 
more d^ided degree. Similar figures as to the density of shellac .solutions 
are still wanting, and should give valuable assistance. The deductions made tram 
the hydrometer indications can, if need be, be controlled by distilling off the solvent 
and weighing the residue. 

1 American readers will please remember that a British Imperial gallon of water 
wei^s 10 lb. 
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The Aoid Reaction of Spirit Varnishes and Oil Varnishes, — ^Var- 
nish resins in solution react acid, and even if the drying oils used in 
oil varnishes react neutral when fresh, the latter always react acid as 
apart from the aoid nature of the raw resins. The drying oils, even if 
neutral when used, become acid on heating. Heat liberates acids a Vin 
to acetic acid from varnish resins and sets free fatty acids from even 
neutral linseed oil. If we add to that the fact that spirits of turpen- 
tine unless newly rectified is always more or less acid, it will be 
readily seen that oil varnishes contain ingredients v'hich speedily 
attack such a sensitive metal as copper. Even if we render linseed 
oil perfectly neutral by boiling with an alkaline solution, the oil on 
drying again assumes an acid reaction*. So as to produce oil var- 
nishes without copal, dammar, and amber, varnishes from various 
sources were treated with both hot and cold alkaline lye, but the 
neutral action so obtained reverted to an acid one on drying. It is 
thus impossible to produce oil varnishes to dry neutral ; even ester 
varnishes react acid on drying, and ester resins exhibit no acid reac- 
tion. Absorption of oxygen and an acid reaction will always occur 
on the drying of oil varnishes made from any varnish resin, linseed 
oil, and spirits of tui'pentine, while the same resins, if dissolved in 
turpentine oil or any other volatile solvent, do not undergo any 
change in their characteristics during the drying process. 

This acid reaction of oil varnishes has no effect on varnished 
work on wood, iron, canvas, etc. ; it only shows itself with certain 
pigments, which are ground in the varnishes, as either a complete 
elimination of the pigment, or a jellifying called livering is the result. 
Characteristic is zinc white, which does not agree with all copal 
varnishes nor with spirit varnishes, while it can be readily ground 
together with raw linseed oil, boiled oil, dammar varnish (even in 
combination with boiled oil and oil of turpentine), and will keep per- 
manently without decomposition. 

But it is an open question how the dried coatings made with oil 
varnishes behave on easily oxidizable metals or alloys. Some military 
authorities assert that spirituous varnishes, even in a perfectly hard 
dry layer, cause a weak, scarcely noticeable reaction upon sheet brass, 
and varnishes used for the varnishing of cartridge caps must show 
no acid reaction during the work, nor must any effects be noticeable 
after drying. If a piece of tin coated with a spirit varnish not per- 
fectly free from acid is placed in a dry state upon polished brass the 
bad. effects are to be distinctly seen on the borders of the spots so 
covered. So sensitive is brass to the action of a varnish not free 
from, acidity that the varnish itself will become green after two or 
three brass cartridge caps are varnished, that is to say, the brush used 
to coat the caps will convey to the varnish enough dissolved resinate 
of copper to colour the liquid varnish in a small bottle green. The 
brass tap of a filter took a green oast after a spirit varnish had been 
on the brass for. but a few minutes. This green coloration is most 
distinct when a spirit varnish is used as a vehicle for bronze powdw. 
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If the mixture is allowed to stand for a few hours in a small bottle 
a very decided green coloration soon manifests itself. A solid piece 
of metal, such as a copper coin, only causes a change in the colour 
after some weeks. 

In marked contradistinction to oil varnishes and even to boiled 
oil itself, with both of which an acid reaction always occurson drying, 
spirit varnishes can be easily manufactured free from acid by several 
well-known processes which consist in treating the resins with 
caustic or carbonated alkali. Dammar is the chief resin that is so 
treated. But the use of dammar varnish is limited owing to the 
brittle nature of the resin. Both shellac and sandarach may be made 
to produce acid-free varnishes by fusing either of them with 
anhydrous carbonated alkali for several hours and dissolving the 
pulverized fused mass in alcohol. (But oil of turpentine will, if 
added to such a solution, turn it green, in contact with bronze 
pow’der.) Undissolved copal and a few othe)* resins cannot be 
rendered acid free. It is necessary to act on their solution by add- 
ing small quantities of alkaline fluid, say dilute alcoholic potash, 
which may also be done with both shellac and sandarach so as to 
avoid fusion. Spirit varnishes are apjjlied to wood, leather, metal, 
irrespective of their acid j’eaction, for they are not known to attack 
the surface on which they are applied undei* ordinary circumstances, 
but in special cases, such as varnishing sensitive metals and vehicles 
for bronze powders, varnishes absolutely free from acid are required, 

Teslmj the Action of Solutions of licsins on Colouring Principles, 
— As a rule, the lack of fastness of varnish stains and coloured 
lacquers has been ascribed to the colour, but Namias shows that 
the resin also comes into question. Coloured spirit varnishes are 
usually solutions of resins in methylated spirits to which spirit- 
soluble anilines have been added. Foj’ a few colours, especially 
yellow and orange, vegetable colours are substituted when a good 
fastness to light is required. For most commercial spirit varnishes, 
however, spirit-soluble anilines must be used to get the required 
vivacity of colour and variety of tint. Namias experimented on 
the following: For yellow, metanil yellow, auramine, picric acid, 
chrysoidine; for red, magenta, safranine, rhodamine; for blue, 
Victoria blue, saigon blue ; for green, biilliant green, malachite 
green ; for violet, methyl violet, spirit-soluble indazine ; for black, 
spirit-soluble nigrosine. Of these picric acid and nigrosine alone 
resist light. The others fade more or less raj)idly. In a series of 
experiments Namias noted that the action of the light on the colour 
is enormously increased by the presence of the resin, and that 
different resins do not exert this influence to the same extent. On 
exposing to the sunlight two plates, one with a coat of coloured 
varnish and the other with the same colour simply dissolved in 
spirits, he noted that when the varnish had completely lost its colour 
there was no perceptible change in the other coat. He next tried all the 
different resins ordinarily used for spirit varnishes, shellac, saindar- 
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ach, dammar, mastic, elemi, rosin, and myrrh. Of these, shellac 
and myrrh had the least effect in.quickenicg the action of the light 
and elemi and mastic had the greatest effect. Sandarach, rosin, and 
dammar had a medium effect, which seemed to increase in the order 
in which they are written. It is possible that the influence of 
the resin is both chemical and physical. No doubt the decolora- 
tion is partly due to oxidation, as the decoloration is much retarded 
if the coats of colour are covered with a thin sheet of glass. It is 
possible that under the influence of air and light the resins give off 
ozone in different degrees. It is known that turpentine oxidizes in 
the air, giving off small quantities of ozone, and the same seems 
probable as concerns all resins exposed to air. 



Fio. 68,— Fractional Distillation Flask of standard meaKiirement, showing posi- 
tion of thermometer in determining boiling-point. 

Deteotiny the Resin and Solvent by Smell. — The smell of the var- 
nish gives a good indication of the solvent or solvents present and 
often of the resin. Methylated spirit has got a characteristic smell, 
wood-spirit another ; coal-tar naphtha, petroleum spirit, amylio alco- 
hol (fusel oil), amylio acetate (essence of pears), and in fact solvents 
in general have each got a highly characteristic odour. Even recti- 
fied rosin spirit has got a smell recalling peppermint. After endea- 
vouring to recognize the solvent by the smell, the indications of the 
olfactory nerves are confirmed by the boiling-point. As to the smell 
of the resin in the varnish, that of benzoin is not masked even by, 
the smell of methylated spirit. 

The Bqili'ng-pomt as a Key to the Solvent Present in a Spirit 
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nkh , — ^The boiling-point of volatile liquids like alcohol is quite as 
characteristic as the melting-point is in the case of solids. The 
apparatus used is a distillation dask (Fig. 63) into which the fluid is 
run. The cork is pierced by a hole through which the stem of a ther- 
mometer passes, and the flask, is connected with a condenser. The 
vapours rise up the neck of the flask, and begin to condense on the 
sides of and on the thermometer. The mercurial column rises and 
remains stationary when the mercury and the glass of the stem are 
of the same temperature as the vapour. This temperature is noted 
and the atmospheric pressure at the time of the experiment. Abso- 
lute pure alcohol CoHr,HO has a constant boiling-point, so also has 
pure benzol and solvents which are definite chemical compounds 
generally. Spirits of turpentine is not a perfectly pure well-defined 
body, but a mixture of different terpenes with closely similar boiling- 
points. When a mixture of two or more volatile substances like the 
terpenes in question is distilled, it begins to boil at some temperature 
lying between the boiling-point of the constituents. As the distilla- 
tion of the spirits of turpentine goes on the boiling-point rises, till, 
towards the end of the opeiution, it is usually the same as that of the 
terpene which boils at the higher temperature. Before fractionally 
distilling spirits of turpentine, care should be taken to see that it is 
free from even traces of water, as a mixture of spirits of turpentine 
distils 2'' or 3“ C. below the boiling-point of water itself. Traces of 
water may be removed by shaking the tuips with fused calcium 
chloride. For the reasons given above, the boiling-point of American 
spirits of turpentine is thus not constant, and a mixture of several 
solvents is highly erratic in its boiling-points. In quick-drying com- 
positions, for instance, the solvent may consist of spirits of turpentine, 
gasolene, petroleum spirit, and solvent naphtha (coal-tar), and ordin- 
ary fractional distillation will not separate these. 

The arrangement shown in Fig. 64 used by Englerin the fractional 
distillation of mineral oils lends itself to the fractional distillation of 
varnishes and destructive distillation of resins. Needless to say, the 
boiling-point of a spirit varnish is modified when it contains kauri or 
Manila copal from which the essential oil, of which they contain an 
appreciable extent, is not removed by previous fusion of the resin. 

Determination of Boiling-point of Varnish , — This may be done 
by heating a certain quantity of varnish in a small flask, and col- 
lecting the vapours either in a condense!' or in a flask containing 
water. A thermometer placed in the vapour indicates the boiling- 
point and consequently the nature of the solvent used. In oases 
where the analyst has only a very small quantity of varnish at his 
disposal, sometimes no more than an ounce, and where he may 
have to make numerous tests for comparative trial against the 
sample submitted, every drop of that sample is precious. Now in 
some cases, if the varnish were heated to the boiling-point of tlie 
solvent used, even when the heating vessel is attached to a reflux oon^ 
denser, say in the case of a metallic rosinate, such as the magnifloent 
green copper rosinate varnish, the green would be liable to beoomb 
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reduced to a yellow passing to niby-red. But if this be a point put 
to practical use by the porcelain and gla^^s decorators, it is to the 
analyst, in determining boiling-points or in fractionally distilling such 
a varnish, only a source of annoyance, except in so far as the reduc- 
tion of the copper indicates the source of the colouring principle. If 
the whole of the sample were thus used up and spoilt, the analyst 
would be left in the lurch. But the boiling-point may be deter- 
mined sufficiently accurate for technical purposes without distilla- 
tion, and by the use of only a single drop of liquid. The liquid is 



Pio. 64. — Fractionating Still, CondenBcr, and Graduated Receivers. 

placed in a glass tube, drawn out and sealed at the bottom. A capil- 
lary tube, sealed up a little above its lower open extremity, is intro- 
duced, and the whole is attached to a thermometer, and treated as 
in the determination of a melting-point. Before the liquid reaches 
the boiling-point, single air-bubbles proceed from the small volume 
of air in the capillary below the closed constriction ; these become 
gradually more numerous till an uninterrupted thread of small bells ^ 
of vapour is established. At this moment the thermometer shows 
the exact boiling-point of the liquid. The operation should he, 
repeated several times and the mean of the observations taken. The 
capillary prevents boiling and must be renewed for e^h experimen^^ 


CHAPTER XXVIL 



THE DETERMINATION OF THE RESINS AND SOLVENTS IN SPIRIT 
VARNISHES. 

Bmn Detenmnation . — The nature of the resin or resins forming 
the foundation or basis of spirit varnish, and on which the nature of the 
film or coat left on evaporation of the solvent depends, is determined 
in the residue either after evaporation or after distillation of the 
solvent. Its appearance and properties will afford valuable clue9» 
provided always, on the one hand, that all the solvent has been got 
rid of by evaporation or distillation, and on the other hand that the 
distillation process has not been carried too far, so as to start the 
destructive distillation of the resin or resins, and finally that no 
chemical change has been produced causing either oxidation or re- 
duction, polymerization or condensation (chemical). Otherwise, the 
characteristics of the original resins may be so altered in regard to 
colour, hardness, etc., as to prevent recognition. Anyone who has 
tried to evaponite a shellac spirit varnish, in a boiling water-bath, or 
even at a greater heat, knows how the last traces of the alcohol stick 
to the shellac like a leech, and also the alteration in properties which 
the shellac undergoes. Recovered shellac, that is, pure shellac recov- 
ered from its solution in alcohol, is no more genuine shellac than 
recovered rubber (that is, pure rubber recovered from its solution in 
a solvent) is genuine rubber. Both are much altered in properties. 
As to the alteration in shellac, James H. Stebbins, junior, a New 
York analyst, in order to recover the alcohol and shellac from a 
shellac spii’it varnish, took a fractionating flask and measured out 
a given quantity of the varnish into the flask, which was then con- 
nected with a Liebig’s condenser and immersed in a paraflin-bath 
which was heated at first to 100'" C., the temperature being gradu- 
ally increased to 130° C. The alcohol was gradually driven off 
into a receptacle and collected. The recovered alcohol smelled 
very strongly of shellac. Stebbins found samples of orange shellac 
and white shellac recovered in a molten state as the residue left 
in the still from above operation to be in both cases very hard and 
brittle, and in his opinion during the process of distillation the shel- 
lac seems to undergo some kind of a change whereby its solubility 
in alcohol is decreased, and for that reason he does not think it 
would be profitable for smugglers to recover either shellac or alco- 
hol from spirit shellac varnishes. The writer’s experience confirma 

(442) 
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Stebhins’ results. It must be remembered that alcohol is a basic 
body which, in combination with organic acids, forms ethereal 
salts, and the heat required for distillation is just that required for 
the alcohol to combine with the organic acids present in resins to 
form ethereal salts. Distillation or evaporation in vaovo therefore 
seems preferable to ordinary fractional distillation. Evaporation in 
the open air brings the factor of oxidation into play. But however 
recovered, no hard and fast conclusions can be drawn as to the 
nature of the resins used except in simple cases, and here physical 
tests such as the thumb-nail will often supplement a chemical 
analysis. The latter is not without giving valuable indications, more 
especially in the case of a spontaneously evaporatsd varnish. The 
solubility of such a film in ether, alcohol, carbon-disulphide, acetone, 
methyl alcohol, amylic alcohol, petroleum ether, benzene, chloro- 
form, and spirits of turpentine, will give useful indications and serve 
as a source of comparison with the fractional distillation of the sol- 
vent from the varnish. Glacial acetic acid is used to identify 
mastic, that resin being the only one insoluble in that reagent. The 
solubilitv of the different resins in the solvents indicated is given on 
pp. 444,' 44/5. 


TABLE CLXXII.-OF THE SOLUBILITY OF RESINS IN ESSENTIAL OILS.» 


100 parts by weight of 
unaemoted Kssential 
Oils dissolve 

llie following Besins in the underiioted proportions 

Amber. 

Uosin. 

Copal. 

Dammar. 

M.astlc. 

Shellac. 

Yellow 

Wax. 

Oajeput . 

G'53 

43*70 

6*62 

42*49 

41*16 

0*66 

_ 

Copaiba 



24*96 

8*0 

34*67 

— 

— 

4*49 

Light camphor oil . 

«*73 

46*16 

9*16 

34*96 

35*04 

1*38 

— 

Heavy „ 

H-60 

81*36 

2*81 

50*08 

37*98 

0*83 

— 

Lavender 

— 

62*86 

— 

33*07 

— 

— 

9*84 

Cloves . 



79*79 

0*00 

18*27 

— 

— 

— 

Rosemary 

10*10 

48*94 

4*81 : 

99*44 

21*39 

0*79 

— 

Allspice . 

8*90 

40*98 

9*51 I 

41*66 

83*47 

3*67 

— 

Turpentine 

7*47 

61*84 

— 

64*28 

62*79 

12*94 

— 

„ rectilied 

10*80 

— 

6*47 

— 

— 

— 

8*10 

Paraffin oil . 

— 

— 

— 

9*27 

— 

■— 

4*16 

Wax oil 

2*87 


j 

67*31 



5*64 


The solubilities of the different resins entering into the composi- 
tion of varnish may be so identical or so badly defined that no sound 
inference can be drawn by which they can be differentiated the one 
from the other. In such oases what is known |as the oonstmts of 
the resin have to be determined. 

1 The lesultB here given must not be taken as absolute. They oan only be tme 
under the aotnal conditions of the experiment. Spirits of turpentine by continual 
agitation *oan be made to dissolve its own weight of rosin and is not then saturated 
even in the cold. 
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These are : — 

1, The Aoid Value (free acid), that is to say, the number of milli- 
grammes of caustic potash required to exactly neutralize 1 gramme 
of resin in alcoholic solution. The acid figure is determined by heat- 
ing 1 gramme of the finely pulverized resin with 96 per cent alcohol 
in a glass fiask attached to a reflux condenser until complete solution 
is effected. Two c.c. of a dilute solution of phenol-phthalein are 
added, and the solution titrated with standard alkali. 

Marcusson and Winterfield recommend the use of a mixture of 
equal parts of absolute alcohol and benzine as a solvent for resins 
in the determination of the aoid value. This reagent dissolves out 
the free acids in a very short time and is preferable to repeated ex- 
traction with boiling alcohol. Some resins, e.g. kauri, Manila copal, 
mastic, sandarach, and elemi are completely dissolved by it. In the 
presence of rosinate of lime, 5 to 10 grains of the substance are 
heated under a reflux condenser with 50 c.c. of a mixture of 90 
parts of benzol and 10 parts of absolute alcohol. The insoluble 
matter is filtered off, washed with 30 c.c. of alcohol, and the filtrate 
N 

titrated with — caustic potash, using phenol-phthalein till the lower 

layer becomes pink. In the presence of aluminium, iron, or man- 
ganese rosinates or linoleates 10 to 20 grammes of the sample are 
extracted with benzene, the solution filtered, and mixed with 30 c.c. 
of water to which a few drops of methyl orange have been added. 

N 

The solution is titrated with y hydrochloric aoid till the aqueous 

solution remains pink after heating and shaking. This gives the 
amount of acid required to decompose the soaps of the metal. The 
aqueous layer is now drawn off and the benzene washed once with 
water, the benzene solution is then mixed with neutral alcohol and 

titrated with caustic soda, using phenol-phthalein. This gives 

the amount of alkali required to neutralize both the combined and 
the free resin acids. If from this be deducted an amount of alkali 
equal to the hydrochloric acid used, the remainder will be due to 
the free resin acids. 

2, The Kottsiorfer Value (corresponding to the total acids after 
complete saponification, that is to say, the number of milligrammes 
of caustic potash required to saturate 1 gramme of resin in alcoholic 
solution in presence of an excess of potash). The Kottstorfer value 
is determined by heating 1 gramme of the resin with 25 c.c. of 
standard alcoholic potash from five to fifteen minutes in a flask at- 
tached to a reflux condenser ; the whole is then diluted with 100 c.c. 
of alcohol and again brought to the boil, and the uncomhined alkali is 
titrated back with standard hydrochloric acid in presence of phenol- 
phthalein, 

3, The Ester Value is got by deducting the acid value from the 
Kottstorfer. 
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4. The Hilhl or Iodine ValvSt i.e. the weight' of iodine fixed or 
absorbed by 100 parts of resin in alcoholic solution. 

Process , — One gramme of resin is dissolved in 50 o.c. of hot 
alcohol and cooled, and 50 c.c. of a standard solution of iodine, 25 
grammes I, 30 grammes ngCl 2 , 500 o.c. alcohol added. If the 
iodine be decolorized, a fresh quantity of the iodine solution is 
added until the mixture becomes of a permanent red* brown colour. 
The whole is allowed to stand for twenty-four hours, after which 
the iodine in excess is estimated in the following manner : A solu- 
tion of potassium iodide is added until on the addition of water or 
a salt of mercury no further precipitate of iodine or mercuric iodide 
is obtained. Too great an excess must be avoided. The liquid is 
then diluted with 5 to 6 volumes of water. The resin separates in 
flocks. Starch paste is added and the solution titrated with hypo- 
sulphite of soda. The end of the operation is indicated by the de- 
coloration of the iodide of starch. 

When the resin is not completely soluble in alcohol the solution 
is thrown upon a fared filter, washed with boiling alcohol, and the 
residue dried at 100°. With resins insoluble or difficultly soluble 
in alcohol, spirits of turpentine is used as the solvent. The solution is 
filtered and the insoluble residue weighed ; the solvent is distilled in a 
current of steam, and the residue treated as in the preceding paragraph. 

In this case the acid figure and the K()ttstorfer figure are always 
a little low, for a portion of the free acids is carried away in the 
» distillation process. The quantity of iodine absorbed is on the con- 
trary a little too high. 

Von Schmidt and Erban, in order to show that their results were 
of practical value in the quantitative estimation of resin, made the 
following researches : (1) A mixture was made consisting of 40’64 
per cent of sandarach and 59 '36 per cent of mastic. As these resins 
are very different in acid number, they are very suitable for gravi- 
metric analysis. Two tests of the mixture gave the numbers 95'167 
to 95*8, showing a mean of 96*483. If the percentage of sandarach 
present is denoted by X, we get the equation 141*06 X -I- 64*05 
(100 - X) = 95*483*100. This gives for X 41*36 instead of 40*64, 
and therefore 58*64 for the mastic instead of 59*36 per cent. (2) A 
mixture was tested made of 57*25 per cent of dammar (X) and 42*75 
per cent of used red Angola copal. In this case the greatest differ- 
ence is in the saponification numbers, and the greatest value was 
therefore attached to them. Two estimations gave the numbers 
72*259 and 73*619 respectively, a mean of 72*934. From the 
equation 46*8 X + 110*25 (:100 - X) = 72*934*100 we get 58*81 
instead- of 57*25 for the dammar and 42*75 for the copal. (3) A 
mixture was made of 68*59 per cent of shellac and 31*41 of rosin 
(X). This is a very easy example, remembering that shellac has 
no iodine number. The mean determination of the iodine number 
of the mixture was 35*43, which gives 30*62 per cent of rosin instead 
of 31*41 per cent. (4) To see how far the accuracy of the methods 
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was afifeoted by precipitating 'the mixed resins from solution, a var* 
nish was made by dissolving 38‘01 parts of rosin, 28'65 parts of 
dammar, and 33' 34 parts of mastic in oil of turpentine. The solvent 
was removed by hydrogen, and the precipitated resins were dried on 
the water-bath and their relative proportions determined. The 
numbers obtained were: Bosin 38'8, dammar 30‘74, and mastic 
30*96, the greatest error being thus 2‘4 per cent. As the errors of 
experiment are multiplied in the necessary subsequent arithmetical 
calculation, and as the number of these operations necessary increases 
with the number of resins in the mixture, the results cannot be relied 
upon for more than three resins at the most. 


TABLE OLXXV.-SOHMIDT AND EBBAN’S TABLE OF CONSTANTS. 


r 

— — 

— 

— 

— 

— - 

— — — 

1 





Iodine Value. 

Resin. 



Acid 

Value. 

! Sapuniflca' 
tion 
Value. 





With 

Reeidue. 

Withcmt. 

Bosin, indigenouH 



( 146-5 
*( 145-5 

168-2 
. 166 

- 

116-8 

114-8 

! Sandaraoh 



4 141-4 
"i 188-7 

174-4 

170 

— 

66-8 i 

63-8 i 

1 Benzoin . 



( 186-8 
■( 134-1 

164-7 

164-5 

— 

57-4 : 

56-6' *1 

; Storax 



( 130-6 
\ 128-5 

205-6 ) 
191-0 » 

64-7 

58-6 

1 Fused Angola, vhite . 



j 93-6 
( 98-4 

118-H > 
117-H > 

44-9 

41-6 

1 

j Ghimboge . 



, 81-2 

1 79-4 

non-deter- 1 
minable / 

70-9 

70 

! Venice turpentine 



^ 70-1 
\ 69-3 

102-0 

96-4 


145-.3 

141-9 

j Shellac, brown . 



65-1 

213-3 

8-3 

6 

1 „ orange . 



60 

211-6 



0 

1 Mastic 



4 64-5 

93-8 

64-4 

53-2 



1 68-6 

92-8 

64-2 

53-1 

: Dammar . 



j »» 

( 8()-6 

47-1 , 

46-5 

63-6 

63-5 

64-1 

60-5 

! Fused red Angola 



( 30-5 
■( 30 

110-7 \ 
109-8 / 

34-8 

22-3 

1 

i Elemi 



i 22*3 
( 22 

25-1 
24-0 : 

— 

85-1 

80-9 

1 

: Dragon’s blood . 



non-deter- 

minable 

-1 

72-4 

56-5 

1 Bed Angola 



- 

f 148 
■< 146-4 

— 

— 

‘ Amber 



- 

f 145 

1 144-6 

! 

— 

1 White Angola . 

1 


• 1 

- 

j 132-2 
\ 129-7 



' Zanzibar copal . 

) 



- 

f 92-4 
i 9-6 

— 



! Fused amber 



0 

j 38-2 . 

; \ 83-9 f 

4-8 

8-8 

1 Fused Zanzibar 



0 

{SSi 

12*6 

7-6 

1 Asphaltum 


‘1 

i 

0 ! 

! 

!(!:!( 

22-2 

8-5 


j 



EEBINS AND SOLVENTS IN SPIEIT VAENISHBS. 449 


TABLE CLXXVL— SHOWING THE ACID, SAPONIFICATION, AND BSTEB 
NUMBERS OF CERTAIN RESINS (KBEMEL). 


Resin. 

Ada 

Number. 

i 

Saponification 

Number. 

Ester 

Number. 

Rosin (German) 

! 

151-1 



Sandarach 

144-2 




Benjamin (Siam) 

. : 141-1 

196-5 

56-4 

Gamboge 

100-0 

156-7 

66-7 

Shellac .... 

65-5 

115-7 

50-2 

Mastic .... 

; r 61*08 




* 1 70-09 



1 Dammar .... 

f 31*0 



1 

■ ' 1 34B 



Elemi .... 

. ' 17-6 

25-4 

7-8 

African copal . 

. ; 147-8 



1 Amber . * . 

j f 38-4 

108-9 

74-6 

1 

• 1 i 34-4 

124-5 

91-1 

1 Copal (sort unknown) 

. 1 132-0 

, — 


. Zanzibar copal 

f 85-3 
■ i 1. 80-9 

j 

- 







Kremel wrought independently of Schmidt and Erbaii, and his 
results are in very fair accordance. Where he differs from them 
mostly is because he dissolved those resins which are difficultly 
soluble in alcohol in ether or chloroform, w^hereas the other 
chemists used merely solutions in alcohol. Kremel’s results are 
given above. 


TABLE CLXXVIL— MOISTTTRE SOLUBILITY AND CHEMICAL CONSTANTS 
OF SPIRIT VARNISH RESINS. 



Water. 

Insoluble 

in 

Alcoliol. 

Acid V.alue. 

Saponification 

Value. 

f'nide 

Resin. 

Purified 

Resin. 

Crude 

Resin. 

Purified 

Resin. 

Shellac 

. .3-79 

14-40 

.39-2 

S6 

212-8 

226-8 

Seed lac 

. 2-63 

10-69 

53 

56 

218-4 

224 

Yellow aooroides . 

. : 5-65 

0-03 

82-3 

64 

98 

106 

Bed „ 

. 4-90 

6-26 

18-5 

25 

64-4 

106 

Sandarach . 

. 2 

0-54 

137-2 

137-8 

162-4 

170-8 

Soft Manila 

. 2-10 

2-30 

136-6 

150 

! 187-6 

187-6 

Hard „ . 

. , 1-68 

3-39 

138-9 

— 

I 215-6 

— 

French rosin 

. 1 0-80 

010 

169-7 

— 

i 177-8 

— 

American „ 

. ' 0-75 

* 0-20 

1 73-9 

— 

1 121-8 

— 

Eiemi . 

. : 0-20 

0-10 

22-4 

— 

! 28 

— 


29 



TABLE CLXXV1II.--8H0W1NQ CHEMICAL AND PHYSICAL PROPERTIES OP VARNISH RESINS. 
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TABLE CLXXX.— CHEMICAL CONSTANTS OF RESINS. 



Acid Value. 

Saponiftcation 

Value. 

Iodine 

Value. 


Scliinidt 
and Rrbaii. 

Williams. 

Coffignier 
and others. 

Si te 

•sS 

uC P 

Williams. 

si 

gs 

.Schmidt 
and Erban. 

Williams. 

RoBin, common 

14(i-5 

l()0-4j — 

i 

108-2 

170-4 


116-8 

Other 

Observers 

112*01 

Common 


i(Hv(; ' — 


100-1 

— 

126-7-172-6 

Langmuir 

113*28 

Refined 

— 

170-2 — 

— 

187-4 

— 

175*7- 

115*31 


— 

177-8 ' — 

— 

10.5-7 

__ 

262-5 

114*80 

Shellac, medium . 


03-0 — 

213-8 

208-8 

— 

8-3 

24*62 

Garnet 

— 

oirO — 

— 

212-0 

— 



Langmuir 

28*70 

Orange 

00-0 

64-4 — 

211-0 

200-4 

— 

15-8-17-7 

17*52 

Good . 

— 

47-() — 

— 

210-7 

— 



20*40 

Light . 

— 

560 — 

— 

211-4 

— 



10-81 

Bad . 

— 

57-4 — 

— 

104-1 

— 



10-05 

Sandarach 

141-4 

1.54-0 — 

174-4 

1. 5.5-4 

— 

06-8 

Langmuir 

— 

,, 

— 

14.5-0 — 

— 

1.57-0 

— 

160-0-174-8 184-30 

Mastic . 

(>4 -4 

.50-4 — 

108-8 

78-4 

. — 

04-4 

158-62 

Dammar, Batavia . 

— 

.50-0 — 

— 

70-1 

— 



1.59-00 

— 

22-4 — 

— 

80-4 

— 



117-67 

88-0 

20-r, 88-72 

47-1 

81-1 

88-72 

03-0 

142-24 

. 

— 

21-0 — 

— 

40-7 

— 



130-24 

Benzoin 

13fi-8 

08-0 — 

104-7 

148-4 

— 

.57-4 

76-45 

Storax . 

180-6 

— _ 

20.5-0 

— 


04-7 


Venice turpentine . 

— 

_ _ 

— 

— 

— 


— 

Copal, Angola, t\'hite 

— 

•57-4 127 

182-2 

188-0 

1.50-0 



129-66 

„ ,, melted 

08 •« 

— — 

118-8 



— 

44-0 


„ ■ „ red 

— 

00-2 128-8 

148-0 

180-2 

181-8 



136-90 

„ „ melted 

80-5 

— — 

110-7 





34-8 



1 Zanzibar . 

— 

— 

02-4 



— 




„ melted 

— 

_ — 

80-8 

— 

— 

12-i; 

- 

Borneo 

— 

141-4 — 

— 

170-7 





138-04 

Singapore . 

— 

12H-H — 

__ 

104-1 

— 



123-31 

Sierra Leone 

— 

72-h 110-2 

— 

188 -.5 

128-4 



138-35 

„ purified 

1 — 

84-0 — 

— 

120-0 

— 



13804 

Akkra 

— 

40-2 _ 

— 

181-0 

— 



121-66 

Benguela . 

22-8 

— 128-1 

2.5-1 

— 

1.57-1 

85-1 



Congo 

— 

— 182-3 

— 

— 

181-8 





Unknown 

_ 

.57-4 — 

122-2 

— 

— 



142-24 

Elemi 


15-7 — 

28-0 

— 

— 



175-39 

Amber 

— 

1.5-4 — 

14.5-0 

80-8 

— 



62 10 

Melted 

— 

— — 

88-2 





4-K 



Anime, Zanzibar 

— 

18-2 — 

— 

78-0 

— 



185-25 

Copal, Manila 

— 

181-0 — 

— 

lHl-4 

— 



137-79 

Aephaltam 

— ' 

— — 

8-1 

— 

— 

22-2 



Syrian 

— 

8-0 _ 

28-7 

— 

— 





Dragon'B blood 

— 

11-2 — 

158-4 

— ' 

— 

72-4 

.54-08 

India-mbber . 

Hl-2 

— — 

— 

— 



70-0 * 

98-42 

Gum-arabic 

— ' 

8-4 — 

— 

84-0 






— , 

2*8 _ 

— 

50-7 1 

_ 



0-51 

ft 

Gum Senega) . 

— 

2-2 — 

— 

■ HO-7 





1 

— 

2-H — 

— 

' 104-2 

_ 

i 

5-59 

Tragacanth 

— ; 

1-4 — 

. — 

, 110-5 

— 





Kauri 

1 

1-4 — 

— 

, 110-8 

— 

Langmuir 

1*16 

— 

— — . 

— ' 

I j 

— ^ 

110*5 



Aocroides 

— . 


i — 1 

- 1 

1 

119*8 

— 
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The iodine values by Langmuir were estimated by the method 
of Wijs. 

Qualitative Analyses of Besins — Hirschsohn's Scheme . — The fol- 
lowing tables (pp. 454 et seq.) are summarized from the elaborate 
scheme of Hirschsohn’s reagents : — 

(1) Sulphuric acid H.2SO4, specific gravity 1’820. (2) Alcoholic 

hydrochloric acid (95 per cent alcohol saturated with dry HOI). 
(3) Bromine^ 1 in 20 of chloroform. (4) Saturated solution of 
bleaching powder in distilled water at ordinary temperature. (5) 
One part of ferric chloride FeaCl^; in 10 of 95 per cent alcohol. 
(6) Saturated solution of neutral lead acetate Pb(A2) in 95 per cent 
alcohol. (7) Solution of ammonia, specific gravity '980. (8) Solu- 

tion of pure NaoCOg in distilled water. (9) Frohde’s test, 1 centi- 
gramme sodium molybdate in 1 c.c. sulphuric acid. (10) Impure 
chloral hydrate containing alcoholate. (11) Saturated solution of 
iodine in petroleum spirit boiling at 60'" C. (12) Petroleum spirit 
boiling between 35° and 40° C. 



,454 , THE MANFFACTI RE OF VARNISHES. 

TABLf: CLXXXI.— QUALITATIVE ANALYSES OF KESINB 
(HIRSGPISOHN). 

GROrr 1.— COMPLETELY SOIATRLE IN CHLOROFORM. 
Srn-Guori' I . — ComjiJrtrlti Soliiblv in Kther. 

I Kx]>fiinient. (Hisen.ttiKii. Inference. 

Add alcohol to othe- A. — 'rurhidity (if none on to R.). 

r- al H;olntion. 

Add ro^Cl,, to alco- 1. TurlndiU disappear" on boil- 
holic polulion. in^z. 

Treat with eliloral. Yiolel coloiation. Canada halaain. i 

II. No tuihidin. 

|ol The re"in i" iKpnd 
Treat tMth own vol. Dis^-ohes. 

petrol, "pnit. 

Add hronnnc te^t to 1. Yello'sv i"h. pH""inn thion<jh Maianhain copaiba, 

ehlovofonn -solution. Molettohhn eoloialion. 

2. No coloin Pat a eopaiha. 

(^1 The te-m i- solid ^ 

Treat with ptrol. l)i""(dM " jiattiallx. ' 

ppint. 

Treat with iodine so- lle<l.\ ndn < -do'ation Miistn’ lordinarj). 

lution. 

Add alcohol to t tlu - Ji.— Cltai "oluin'ii, 
real solution 

Treat rt "in vith alco 1. lti""ol\i" coinplelclx (if not 
hoi jni"" on to 11 ). 

Add FejCI,, to alco- ], Line ( oloj ation. 
holic solution 

[Add PI) Al_ to alco- ud Prceipitat* — H 'hs- Guaiii'-utn. 

hone solution sol\* - k hui w itli a cht n_\ - 

ltd CololHtlon, 

(6i No pK-cipitut* — ll.SOj C.uana ie"!n 

"olution yllovt i-h-hioNMi (.\ccyta Amtncanii. 
2. P»JO\Mll")j oI ;.'lonil"h ctdoui- 
;.,) tion. 

o) I Pn'( i))Hat( (li none pii'-'- on 
to pi) not (li""ol\« d on 
holllti;: (ll It <ll>--oht" 
jia"" on to i^-M. 

[Treat re"’!) vith "(dll fl) l>i""(d\es j>aitiall\ at 

lion of NkjCO. ' onlinai^ t« in]«'iHluic 

Dissolvt ream in (irjiduallt 1 ecoines iid- Coniferous resins 

peticd. spirit, t’.M- di"li-\iolct with ldu( and hiil.sulll". 

porate solitnt, le-t "tnak" 

1 residue with chlo- 
ral. 

i2j Liith oi IK) actndi. 

I. Colonrics., Chloialt<-t l>otnha\ inastie. 
faint j.’i<-en 

'..1 11 I>aik hrow 11 . Chioiiil Mani resin, 

t'"thlo\Mi. 

Jii. ’S ( How -blown. Chloial Caiana lesin. 
ti "t dull i io!j t. 

j\. 'i el low -brown. Chloial Catana hedionda. 

test and bromine solu- 
' 10)11 a inaj/nificnit 

I I Molel. 

[[Add P 1 )(A)., t() al'to- {}>) Pieeipilate dissohes on 

} _hohc HoluLon.] boilinj:. 
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GROUP I.— COMPLETELY SOLUBLE IN CHLOROFORM {Continued). 

Sob-Group I. — Conipletclif Soluble in Ether {Continued^ '• > 

Expeiiment. 


[Hromine Rolutioii.j 

rAdcl Pb(A).. to alco- 
holic Kolution.'i 
Treat resin with alco- 
hol. 

Vdcl Pl){A). to alco- 
ho ic solution. i 


[Bromine solution. 1 
.Mooholic llCl.j 


Observation. 

(а) Red coloration. 

(б) No coloration. 

No jirecipitatc. Ammonia 
^ives tinhidity. 

II. Imperfect solution. 


Inference. 


Peruvian guaiacum. 
Alexandria mastic. 
Dragon’s blood. 


(1) Turbidity which disappears Brazilian copaiba. 

on warming. I 

(2) No pieciiiitate. Resin cry- 

stalline. Does not dis- I 
sohe on boiling Na^CO-. 

{(() Gradually colours green. ; 

Colours violet, blue, or | Elemi. 

brown. ' 

(6) Colours \ iolet. 1 Elemi. 

ir) NocmIoui. Elemi (Amyris Ele- 

' ! niifera). 


(riKu 1 ' 1., Si r.-(in<»n- W. —Jmpericctl tj Soluble in hther. 


Treat resin with alco- A.— Dissohes perfectly. i 

T.l;Hl'c..pon.t,u„ u- I. Cheny...a oolomt.ou. No [ Siam benzoin, 
sidue ot a petiol. ciiiuaiiiic acid, 

spirit lAtiai't with 

,, Nocolorationoi faint brown, I Sumatra benzoin, 
ciitaina cinuamio acid. | < loin balaain. 

III. Ycllow-biowii paBBim; to ^ Black 1 cm balaam. 

^ lolet. 

Ud ,..cd m alco. "■l''ir?;l:rt:“not rc.dm.l iu^^^^^ 

1 boiling and is in- 1 
^olul)le 111 ether. 

11. No turhidity or slight dis- 
appearing on boiling. | 

1. Turbidity. I 


holic solution 


.\(ld alcohol to ethe- 
real .solution ot 

resin. i 

Alcohehc HC’l 
TTeat with cliloral 

eNapnati'ii rt-siduc 
of petrol, spmt e\- 
traet . 


Add ammoniH to al- 
coliolic solution. j 
.Add bromine to alco- 
holic solution. : 


(a) Biowuish coloration. 
(1) Gieenish coloration. 


(/*) Brick -red. 

(2) Carniine-red to Molet. 

2. Cleiir solution. 

" {(i) Clear solution. 

(1) Bine coloration. 

ib) Turbid solution. 

pi) Greenish coloration. 


i Dammar. 

i 

I 

' AVhite Peru balsam. 

i 

, Coradia resin. 
Mecca balsam. 
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GBOUl’ II.— IMPERFECTLY SOLEBI.E OB INSOLUBLE IN CHLORO- 
FORM. 

Si ii-Giiori' I. — SohibU’ lu Fiber. 


F.xperinieiit 




liiftM-eiice. 


Treat resni with 
ether. 

Add ammonia to alco- 
holic solution. 


1. A ch'ar solution. Red solution. Dragon's hoohl. 
No lurhidit}. from Pterocarims 

Draco. 

*J. Solution vi-llow or coloui h's^.. 


To alcoholic solution 
add rb(Ai ,. 


lo) No preci|»ilate. Podocarpus i esin. 

(/>! \ pr»‘cipiiHtr peimanent on Sandarach. 
hoilnifj. 


Si P.-Oi.oi I' II — 1 <.]'>• ie< !}>> SiiJidui’ tfi J'.thei . 
Kxptriuifni xatS'ii Infcrciicr 


Treat ethei solution 
witli alcoliol. 

.\dd ammonia to alco- 
holic solution. 

Dissohe rt-siii H_SO,. 


1 e.,Cl., 
ihoAi,. 


phi A 1 . 


J^b|Ai„. 

Treat ether solution of 
remn with alcohol 
Treat resin with alco- 
hol. 

J- e._,Cl,,. 


IdnAi,, 


i Chloroform extract. 

I'htAi.,. 

Chloroform ( xtract. 


PhiAh,. 


A. — 'I urhiditv 


1. A I h ai mixtiiie. 


1. rile mi Mill* is\elko\. 

Sulutn'ii \ »>llo%Msh-liro\\ 11. F.i vops n-sni. 

..iid ;.i\es (deal xndet 
niixtin* xMth alcohol. 

'1 The niixtuic i- caimine- Sonoia lac. 
led, 

11. A HU hill nil Mill * . 

1. (ii<*n ( oloui Tlie drug 

(ontaiiis (innaiuic acid. 

A jiK'cipitate. Liquid sioiax. 

' 1 . Biownish or not at all. 

ml Tl;e dni« contains ciniia- 
1111 ‘ acid. 

il) No piecipiiHie. LKpiidamhai l>al- 

sani. 

lb) The drug 'loes not con- 
laiii cinnamic acid. 

(j?i No precipitHie, Enjihoihia Tiriu-alli 

1;.- No tin hiiljt\. If sin. 


1 Gjinpletf- sfdntion. 

Da 1 k L) (OX II o] hla< k. 

1. Alcohol solntioii red. 
(f/( .No prf ( ipitate. 

tl) Coloinles^ 

iij) Tiirliniiix. 

|*J) "^fdlow 

■J \lc(di*d sdlniKiM u lloxx 
\ jir* • ijiitate. 


Xanlhoi rhii a (^hiad- 
ninguians n mii. 


XanthorihoH .\r- 
liorea. 

Y* lloxx xHiithorrlni'K. 
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Sdd-Oroup II . — Imperfectly Soluble in Eilier {Co?ttinued), 


Experiment 


Ohservation. 


Inference. 


I Treat alcohol Hohilion 
of resin with am- 
I inonia. 

; hMA),. 


I A(hl heXl(, to alcctholio 
' extinct. 


J'I,(A), 

'Irf-iit resin witli ini\- 
' ture of alcohol and 
ether. 

I Treat clilorolorin solu- 
tion of le^in ^Mtll 
hronnne solution. 


Treat alcoliolic ■«ohi. 
tion of levin \Mtli 
aninionia 


re.,('l,.. 


; Treat lesin ■'Mlh nii\- 
i tnre of alcohol and 
, elhei. 

I Treat petrol, spirit e\ 
j tract w ith chloral. 


' Subject levin to diy 
I <listillat loM. 
j 'J'reat pi tiol. sjant ex- 
tract with HCl. 
chloial h\drate. 
.. HCl. 

(’ll loin 1 livtlratc 


HCl 

Treat resin with 
H.SO,. 


'J’reat lesm with 


11. Incomplete aolntion. ! 

1. Clear mixture. ! 

(1) Violet. ! 

Violet precipitate. i Shellac. 

(2) Yellow or colourless j 

solution. ' 

1. lllack coloration. j 

No piecipilate. ' Gamboge. 

2. Tiecipitate wViich neither ^ 

dissohes on heating nor 
voluble in ethei. 

No jnecipitate. 

{(I) Dissohes easily. 


1 Trecipitates lesinconi- ' Australian copal 
pletelv. (? Kauri . 

11 . No precipitate. Manila copal. 

ih) Di'^solxes impeifectly. , African copal. 
Tiubidity. 


o) I’lecipitate insoluble on boiling Borneo copal. 

and in hot ethei. 

[h) No precipitate. 

iH Disvohes completely. 


1*1 lie to bliie-Molct coloia- Balsani of Lujind- 
tion. r(?«bnr Stracitlua. 

fj) DisMihev incompletely. 

1 . The revin ( ontains sulphur. j 

I . Yu lils unibelhteroiie. I 

(o) Grange coloration. i 

Green coloiation. I’ersian Sagapenum. 

{h) Blue-Molet. 

Bose colour to rasp- Le^ ant Sagapenum. | 
berrv-red and vio- 
let ’ 

(( ) No coloration. 

Gis^iohes with yel- 
low-brown colour 1 

and blue tiuores- | 

ceiice. j 

Malachite green. Ordinary asaftetida. | 

I 

II . Yields no umbelliferone. | 


'Tieal rc'*!!! with 
Na .Cth vuhiiHiii 
1 * I'ldA)..- 


(./) Bright brow 11 extract on Asafietida from fe- | 
which acetic produces rula alliacea. 
no change. j 

N<' precipitate. 
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Stm-G-Roup 11 . — Imperfectly Soluble in Ether {Cofitinued). 


Experiment. ^ 

Observation. 

Inference 


(6) EmiilHion which can- 
not be filtered. 


Pb(A).,. 

(1) No precipitate. Io- 
dine no action. 

(2) Precipitate immedi- 

ate or in short time. 
Re-disaohes on lieat- 

Indian bdellium. 


Iodine no change. 

II. Tile resin contains no snl- 
phnr. 

African bdellium. 

Subject to ilrv 

distillation. 

(1) Yield*' umbellif crone. 


Treat petrol, fpirit tx- 
tract with HCl. 

K eulonreJ. 

\a) Orange 

j 

i 

1 

,, chloral. 

Green. 

Persian giilhanuni. ; 

„ HCl. 

d’) Vi)lel-ied. 

Comparatively fresh ] 

,, chloral. 

Green. 

commercial (Le- 
\nni) galhanuni. 

., HCl. 

(< ) Violet -hlne. 

Treat iietrol. spirit 

Cairn me -led. 

LeNaiit galbauum, 1 

extract with 


older. t 

chloral. 


.Afncan ammoniK- j 

„ HCl. 

(d) No 1 * (loin. 

eniii. 

„ chloral. 

Liglit brown 

i2i Yield" no nmbelh- 

feruiK . 

! 

Treat resin witli .^olu- 

(oi (hang* -\ellow eolora- 

Per-iaii ammonia- j 

tion of bleacliintt 
powder. 

tion 

(^<1 No eoloi ali«(n. 

eum. 

I’b(Ai,. 

1 No |)r« .‘Iplt.Mte. 


lodiia. 

1 Cliangt , 


Chloral. 

Git ♦•ni''h 

I llihaniini. 

lodin*-. 

11 . Not alien d. 


Chloral. 

No eoloialioii 

Indian myrrli. 


2. I'leeipltate 


liroiiiim . 

(«1 Violel-n*d eolura- 



tioii. 

Ordinary myrrh. 

Chloral. 

Violet. 


Rromme. 

( 6 1 No coloration or 
onl^ yellowish. 


1 e Cl,. 

111 Green. 

Opopoiiax. 


iJi Hrownihli. 

Eiiphoihium. 


E. Hirschsohn has ^nven parlicular«» of four analyses made by 
him of the resins in varmshes accordin^^ to the jjrinciples embodied 
in his scheme. The four substances analysed wei'e l(‘ttered B, C, 
and D. They were all of a more or less int,eus<^ yellow colour, and 
all jx)ssessed a distinct odour of imjmre wood-s])irit. Before analysis 
each varnish was diluted \vith four times its hulk of 90 })er cent 
alcohol. Each one, when treated with excess of ammonia, gave a 
clear solution ; but, w'hile the colour in A, C, and I) liecame a cherry- 
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red, that of B changed to blood-red. A solution of chloride of iron 
in alcohol, 10 per cent, altered the yellow colour of B to brown, and 
that of A, C, and D to a greenish-black, but in all cases the liquid 
remained perfectly clear. Alcoholic solution of acetate of lead gave 
in all four cases a reddish-violet precipitate, except in B, where the 
precipitate was flesh-coloured. On boiling up no solution of pre- 
cipitate ap})eared except in B. Hirschsohn explains these appear- 
ances in the following manner : The absence of any precipitate 
with ammonia shows that the only substance whose presence is 
possible are coniferous resins, dragon’s blood from pterocarpus, sonora 
lac, gum lac, gamboge, sandarach, xanthorrhcea I’esin and all kinds 
of co])als. The absence of a precipitate with chloride of iron shows 
the absence of seed lac. The colouring of the varnishes by chloride 
of iron to greenish-black, and the red colours with ammonia, showed 
the presence of gum lac. The behaviour to acetate of lead is even 
more distinctive than the colouring, for only gum lac gives with 
that I’eagent a red(lish-viol(‘t jirecipitate. To get further proofs 
Hirschsohn distilled larger quantities of the varnishes over a water- 
bath. The distillate smelt of methyl alcohol, and made a clear 
mixture with water, showing that it contained no turpentine or other 
ethereal oils. It consisted, in fact, of simple denatiirated spirit. 
The residue was only entirely soluble in jietroleum ether in the case 
of Tlie ether solution (;va))orated, gave a residue which was 


turned vellow ish-hrown In concentrated suljihuric acid, and dissolved 
easilv in alcohol, giving a solution precipitated by alcoholic lead 
acetate. Other ])orlions of the residue w’ere dissolved in a hot 
iiiniiioniacal solution of sodium carbonate, and the resin was precipi- 
taUd from Llit‘ solution in flakes by adding acid. Chloral and the 
residue jiroduced a bluish-violet colour, wdiich gradually became a 
dee]) blue. All tlu‘se reactions show the ])resence of conifer resin in 
B. Tlie ln‘^oluhllll^ of C. and D in jietroleum ether shows the 
abseiici’ C)t conifer lesin, gamboge, guajac, sandarach and xaiithoi ihcea 
refill. If dragon^ blood or sandalwood had been present, the ex- 
tract would haVt* het'u reddish, and fluorescent if sandalwood w^ere 
prex-nt. The conclusions, then, are that the varnishes A, C, and I) 
were siinplv solution^ of gum lac in spirit, while B also contained 
colo}.hon\.‘ Kosiii can he sejiarated from shellac by taking advan- 
tage of the fact that the former is almost entirely soluble in petroleum 

ether, while the liitKM- is insoluble therein. 

GUI's Srhrmr f\u the Aiialiisis 0 / Tui/ns/n— A H_Gill eliminates 
tlK‘ turi.s \n clistillalioM with steam and the oil by TwitchclU pro- 
cess. thus ol.tainin,^ pt.re res.ns which are t 

method Table 1., then hx Mclllnnoy's hromtdc method, Table II , 
and finally, and most satisfactorily, the sapouihcatiou, free acid, and 
ester values, Table ^ ., are determined. c;„tv grammes of 

FJimbmlUm <vul f , o,', j!i'/oUomed flask, this con- 

which furmshos steam ; 
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the varnish is ^varmed just above 100' by a small flame and kept at 
this point to prevent condensation of steam used for distillation, which 
is continued until about 500 c.c. w*ator have passed or until only a 
faint odour of turpentine in last portions of distillate. With a })ure 
rosin varnish only a small portion of the resin sticks to flask, while 
with pure copal varnish the resin coats inside of flask almost com- 
pletely. The solvent is se}iarated from the water, di’ied by anhy- 
drous sodium sulphate, distilled and wei^died. The sj^ecific ^n-avity 
^ives a. fair idea of its ])urity. The residue in flask is boiled for an 
houi over a free flame at a reflux eondens(‘r with lot) c.c. of normal 
alcoholic potash made from absolute alcohol and “jiotash purifled liy 
alcohol*'. Care is taken to w.irm flask ver^ slowly or on water-bath 
first, to prevtait humping: the solution is eooh'd, st'])araU‘d fi’om resi- 
due and the latter a;j:ain tiealed with potash solution, I'epea-tine until 
complete sapomtication take'^ jilace. r>suall\ a ri'sidue of about 1 
]>er cent rem.uns. The 'solution'- ai<‘ united in a ‘'e]iai atiii^ funnel 
neutralized hv hydioehloric acid, causin'^ a preci]>itat(' of ])Otassuim 
and lead chloride'^, the latter from the drier, wati'r and ether aie 
now added, the latter dis*>olvin^^ the fatty acids and rt‘sins liberated 
hy the acid. The ethereal solution is run into a tlask, the ether 
distilled off and a small quantity of absolute alcohol added to con- 
tents of flask , on this hein^^ heated the alcohol ])assr-s ott. carrun^^ the 
water with it. leaving tin* dry resms and latt\ acids. These aie 
dissolved in volumes ot ali'^olute alcohol, any residue is added to 
the resins obtained lielov, tiom carryin^t out this jirocess. I )ry IICl 
acid pis is jiassed into this solution, and cooled }»\ ice until satin ated. 
Hot water is lun into flask and its contents boiled over a free flame, 
taking: care at mci})ieni ebnllition to ])revent fiothing. 

The contents of flask are cooled and shaken out with ether, 
which dissolves tlie r(‘sins and resin acids ; dilute alcoholic jiotash 
(2'5 grammes ])Otassiiim hydroxide, 260 c c. water, 20 c.c. alcohol) 
is added to the ether solution and shaking contnnu'd. 'fins dis'^olves 
the resin acids which, togtahei witli any r<'sins, aie drawn olf, leaving 
esters of linseed oil acids m ethereal Jayei . The resin soa]» solution 
is acidified, th(* acids dis^olvt'd in ether, tlie residue insoluhle in 
alcohol, mentioned above, added to solution and whoh- evajiorated 
in small heakei on water-bath. A small (juantit\ ot absolute, alcohol 
is added and evajioration ie]>eated. This removes an\ watei-; 
jxu’tions of mati'iial in heak»*r are out, rhied {nt‘r sulphuric 

acid, and iodine and hioirnne nuniheis determined. I'rom results 
hy different observers it was tliought that llnhl’s iodine v.iluo could 
be Used as a means of discrimination heiw'een a )>ure vaniisli resin 
and one adulterated with losm. The iodim^ ligures 1)\ Schmull 
and Krhan are as follows- Rosin 11*7, Angola copal, melted 42. 
W ilharns givt's rosin 1 12, co]»aI Jdhio Ids. The iodine number was 
delerinined as usual, using ilnhl's method h\ solulii)!! in chloroforin, 
and, exce])i with sMmjtles and Ik the iodine was allow»*d to act foi 
four hours ; in il)*‘se case's jt acti d foi lwent\-foui. .V.//. /iVrrncm/ 
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resins cannot be keyt much lonffcr than one month luithoiit hardening to 
snch an extent as to he insoliiblc in chloroform and carbon tetrachloride. 


TARLE CLXXXIL— lOlHNE NUMBERS OF RESINS OBTAINED FROM 
VARIOUS VARNISHES. 


Sample (loiiipohitiim. 

Maker. 

Iodine Nos. 

A Quick- rubbing varniHli — pure kauri 

B. Co. 

()4-l fis-2 

B „ M ... 


68-6 59-3 

C Elastic ,, ,, „ ... 

,, 

46-4 47-1 

D „ „ „ „ ... 


48-9 47*5 

E Fare rosin \aniish ...... 

G. Co. 

68-2 69-4 

F „ 


64-4 64*3 

Ct Half rosin unrl half kauri varniah 


67*5 69*3 

1 H Onc-fourth rosin and throe-fourths kauri varnieh . 

! 

62*2 62*5 


Saiiiph's aiul B, (; and D, E and E were the same varnishes, 
hut work(*d tlii’on^di separately. By comparing E, pure rosin, with 
G, half losin and half kanri, ])ractically no diffei ence is seen in iodine 
numbers, hence* these cannot he used to judge the purity of a varnish. 
U was therefore hoped that Mcllhiney’s hromine absorption method 
j)rocess would give results of more value. The method as given by 
him aids tn'atise, Vol T, ])]). 121-2) was applied to the resins extracted 
as detaik'd al)ov(‘ with the results in Table li. The last eight results 
were obtained l»y a different oiierator carrying through the method at 
two diffeieiit tiine’-i. The results do not agree very well, although 
ctMlain iH'Sult*^, particularly the pure rosin E, and the one-fourth 
rosin varnishes TI, are as close as can be expected. The diiliculty 
seems due to emulsification of carbon tetrachloride with jiGtassium 
iodidi*, which masks the end-point. Tendency to emulsification 
seems les>^ with a juire rosin than w*ith a kauri varnish. 


TAl’.l.E 


C1A\XI1I.-1>1 

CP'L'AINEI 


U>M1NE NUMBERS OF VARIOUS RESINS 
) from V.VRNISHES (GTLT-V 


llUpb* 



et.iup<*''ition. 

Addition. 

1 Substi- 
' tution. 

Total. 





. , o4*3 


106*9 

A 

I'nn 

k.lUl 1 


. ■ GO'5 

' 26*0 

' 112*4 1 

A 




57*5 

i 23*6 

; 104*7 : 

B 




75*5 

I 3-3 

8i*l ' 

C' 




76*6 

! 4*7 

86*0 

c 




10*9 

, 45*2 

101*4 

i<: 

I'uu 

1 o'-in 


9*9 

! 44*7 

99*9 





21*2 

I 54*2 

: 129*6 

(i • 

iiali 


Mini hall kauri 

12*2 

1 47*9 

108*1 

H 

Ono- 

four til 

losin and three- fourths kauri 

44*9 

50*9 

j 36*0 
i 35*8 

111*9 

122*0 



,, 


5*9 

4o-4 

96*7 

E 

I'un 

■ rosin 


' 0*4 

i 50*1 

: 100*6 





1 l)*() 

; 54*2 

114*4 





i 1*1 

58*1 

1 117*3 

H 

One 

-fourtli 

, 10-111 Hii.l ttlivc-tolUtlis kiiuri 

. ! 45*2 

ol-O 

i 34*4 
; 31*5 

114-0 

1 114*0 




, 37*2 

1 3o*l 

j 107*4 





42*0 

1 33*0 

1 109*n 


I 
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It is, however, easy to determine from substitution values in table 
which varnishes contain rosin, evidently E, G, and H. There is so 
much irregularity in the numbers that the method would not seem a 
satisfactory quantitative one. The method was modified as follows : 
Such quantities of resin were employed that if 20 c.c. of N/S 
bromine solution were used, the amount of bromine left after a 
certain time was very nearly (upial to amount which had acted upon 
the resin. Time of action of bromine was three minutes. From 
0*4 to 0*5 gramme of resin \Nas weighed into a 50 c.c. graduated 
flask, dissolved in carbon tetrachloride and brought to mark with 
same; 10 c.c. were used for each determination. Window glass 
and black rosin wei’e used to familiarize operator with method ; in 
some cases an insoluble r^'^idue remained after treatment with the 
solvent — the clear liquid only was emjdoyc'd. Tt was found, how- 
ever, that there was no difference as to whether this or the turbid 
liquor were used. Table III. shows a com])arison of ^Icllhiney's 
original method and tins moditicaiion : window-glass rosin was 
used. 


T.\bLK CLXXXIV.— UKOMINK XUMr.ElJS 01' llOSIN UY VARIOUS 
METHODS ((ill.h). 



A.l.U'.l 

''ulivtnuteil 

12.V.') 


oi l , 

lliea 

14-<1 

1 


lMA 


lii:-; (» 

•j;es 

r. ( 

le-i ;; 

-7 

:r.»-s j 

lel-s 

■J 

as-i . 


on^'inal. 

( 1* HV "olmion. 
mii'liln <1 till hnl 


‘'olntuai. 


The nu'iliod a^nioditi«d wa-' a}>]’ln d to lesins fiom \aini'-hes 
B, 1*, and H liom TabU* II.. and aKo to a >.us],(*eltd vainish i. 


TADLE 

CLXXXV.-llIinMlXi: 

XUMDU.R.s 

or V 

AIIIOUS 

; r.KsiNS (( 

ill.l.). 

Saiiipl*'. 


TmI.i 

il. 

I’.rojtnni' 


Slllt'.l 

titulvd 

D 

Fare kaun 

. les-7 

1U7-7 

70] 

7;;-s 

lo-;; 

17-0 

F 

., roHin 

Hl-t 

S4-4 

]•(•, 

:;•] 


404) 

H 

] ro-'in kiiiiri 

Ull 

S4-4 

;}4-.7 

2sr» 


22 *'.1 

I 

Unkno^ n 

7rr4 

7»’i-4 


41-'.l 

ir,-.", 

n:j 


Samjile I. is evabuillN not adulteiated with losin, as was shown 
by other tests. The I'esults from the iliibl and the Mcllbiney pro- 
cesses being so unsatistacTory Ironi a quantitative jtoint of view, the 
saponification, tree acid, and est(*r values of these various resiius wen* 
determined. These were determined in llie usual wa}, as described 
in Gill’s “ Handbook of f)il Analx^is ’’ (the ester value is of course 
the ditference between the two;. 
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TABLE CLXXXVI —saponification, FREE ACID, AND ESTER VALUES 
OF RESINS FROM VARIOUS VARNISHES (GILL). 


Sample. 

Composition. 

Maker. 

Saponitlcation. 

Free 

Acid. 

Ester. 

Average. 

E 

Pure rosin, No. 1 . 

G. Co. 

182-3 

160-1 

22-2 

1 23-1 


” »» i» . 


185-7 

161-7 

24-0 

H 

Ordinary rosin not run . 
One-fourth rosin, three- 


172-.3 

159-7 

12-6 



fourths kauri, No. 5 , 
One-fourth rosin, three- 


1 34-8 

62-0 

72-8 

1 75-3 


fourths kauri. No. 7 . 


121-fi 

43-9 

77-7 

G 

Half rosin and half 

" 1 




kauri, No. 3 

1 ! 

! I 

143-5 

88-0 

55-5 

55-6 

1 

Kauri . 

] 

124-2 

41-0 

83-2 

1 



129-7 

45-0 

84-7 

1 84-0 

' 






1 



Usin" average ester values obtained and usual formula 

100(1 - , 

^ ~ ' 7 /i _ lOr calculating percentage of adulteration, the three- 

quarters kauri varnish figures 85 per cent, and the half and 
half kauri and losiri 53 per cent. It would seem that this method 
is fairly satisfactory, but requires confirmation by other observers 
before imiilicit trust can be placed in it. 

Variati(i)is in the Viscosity of Alcoholic Solutions of Different 
Jicsins loid Mirtures of Jicslns htU of equal Resin Content hy iveight 
per ijallou. — The effect of adding rosin to a shellac spirit varnish is 
seen in tlu' following results by Davidson : — 


“ P n Pure ” liuttoii Inc, 


Ih. per Kitll- nlcohol luul \iscosity (Redwood’B) at 70° F. of 8H secs. 


Amor. 1^. 

. ro<in ,, „ 

M . 40 „ 

Mixture 

contnniiny; 


10 per 

rent io-.ni ,, ,, 

„ „ 70, „ 

Mixtiirt* 

cont)i inin}f 


•JO pi-r 

(•(.■nt iM*^in ,, „ 

64 „ 


But i'X})erinu'ntal results of this nature should be complete. The 
calculated Mscosity of the 10 per cent mixture is 83'2 and of the 20 
]>er cent mixture is TS’I. It will be seen at once by a glance at 
Table CLXXl. in how far the absence of the density of these varnishes 
detracts fi'om anv intrinsic value of such data. There is room for 
much good work being done in this direction, more especially in 
such technical schools like the Borough Polytechnic, where oil and 
colour tradi' res('arch work is conducted under the guidance and in- 
struction of those actively engaged in the industry. 
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TABLE CLXXXVIL— COMPARATIVE VISCOSITY OF ALCOHOL ANl> 
WATER. 



Wiitei . 


Alcoliol 


Temp. 

- 





V 

/ 

V 

/. 

0=^ C. 

0*01K0S(. 

1 

0-01840 

1-01 

5 

0-015H01 

0-S4 

0-010H7 

0-01 

10 

0-0]H2r)7 

0-7H 

0-0140H 

0-82 

1.-) 

0-01150H 

0-r.H 

0-01 H4.7 

0-7.’) 

20 

o-oion;4 

o-5(; 

0-012.')2 

0-0)8 

HO 

0-00S121 

0-44 

0-01027 

O-oO 

40 

O-OOOOHs 

OHO 

0-008‘)0 

0-47 

•iO 

0-(H»5007 

0 M 

0-00718 

O-HO 

00 

0-004 SO.} 

o-2»; 

0-0001 (•) 

OH.i 

C.(t.S. unit 

-s. Z ^1H‘( ilu- 


, waO-r at 0 C. 

as unit> 


TABLE CLXXXVIIL — Sl’lXIMC VLs('(>MTV Ol’ CKirrUN XOLA'JTLE 

EVENTS. 


>»tl> em 

/. at 1 ( 

/.at Jn 

Acetone 

0-2.5 

n-2-2 

Ether 

(t-14 

(»-1.5 

Aldehyde . 

(»-21 

n-2l 

Allyl alcohol 

1-04 

0-'.*-2 

Amyl alcohol 

:i-()0 

2-0.4 

Benzene 

(i-HO 

(OHO. 

Butyl alcohol 

2 -OS 

1 -s-J 


N..|\em 

/ at r. ( 

. /. at -J'O 

Lobntyl alchol 

2-7'') 

2-HH 

ae.d 

0 70 

0-7(1 

Methvl al<-oli'»l 

(>-:-57 

O-H") 

N iti oben/ene . 

l-2t 

1-n 

Tolnein- . 

0 H') 

0-HH 

in -Xylene 

(1 :;o 

0-H7 
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A. 

*16ie,s aUm, 44. 

— mnabiliH, 49. 

— bftlsainea, 44, 49. 

— bnhamifeia, 44 

— canadens'i'i, 44-r). 

— cfmcolnr, 49 . 

— Doiuflnssii, 41. 

— e.rcolsd, 48. 

— Frasern, 45. 

— nobihs, 49. 

— pvctuiatn, 49. 

— inch t (I, OG. 

— sachaliiic^isiii, G9. 

— Sibmcd, 44. 

.Xbiotcue (i^ }<abim(iN(f), 07. 

.\bietif acid. OK. 

Abietinic acid, 48, 50, :275. 

Abietinolic acid, 50-1. 

Abicto-rusene, 51. 

AbsoluLc alcoiio], '29, 51, 78. 

Acacia nrabica, 290. 

Accroides (acaroid resin), 235-7, 384, 
411, 449, 451, 456. 

Acetate, ainylic, 3, 81, 358. 

— Ixiriieol, 159. 

— ethylic, 4, 7, 34-5, 228-9, 209-70. 

— lead, 47-8, 50, 57. 

— linic, 35. 

— potassium, 85. 

-- sodium, 35. 

Acctu- acid. 1, 4, 0, 85, 73, 100, 119, 155, 
174, 177, 190, 218, 275, 480. 

— anhydride. 4, 0, 218. 

— cihcr, see Acetate, Ethyl. 

Acetone, 3, 4. 0, 7, 82, 54, 68, 190, 218, 

228, 234, 209-70, 274-5, 276, 277, 


Acid, Arabinic of gamboge, 280. 

— azclaic, 805. 

— benzoic, 188, 189, 190, 192, 194-5, 212, 

213, 236. 

— boric, 384, 39f). 

— butyric, 149, 225-6. 

— callitrolic, 274, 276. 

— camphoric, 90, 107. 

— caiiadinic, 47. 

— canadinolic, 47-9. 

— canadolic, 47-8, 

— cinnamic, 188-93, 195, 213, 236. 

— daminarolic, 199, 201. 

— formic, 4, 78, 220. 

— gambogic, 228. 

— garcinolic, 228-9. 

— homophthalic, 225. 

— hydrochloric, 90, 22.5-8. 

— isuvitinic, 227. 

— lariciiioHc, 56-7. 
larinolic, 57-8. 
linoleic, 897, 411. 
mancopalenic, 260-3. 
mancopalinic, 260-3. 
mancopalolic, 201-8. 
masticinic, 269-71. 
masticolic, 270-1. 
masticonic, 270-lx 
mucic, 230. 

nitric, 96, 108, 192, 213. 
oxalic, 32. 

oxybenzoic, 213, 275. 
oxy daminarolic, 200. 
jiaracuinaric, 230. 
jiaroxybenzoic, 230. 
picea pimarolic, 67. 

Iiicric. 192, 195, 200. 213, 236-7. 
pi marie, 73, 131, 149, 277. 
pimarolic, 78. 


380, 444. 

— rectifying stills, 7. 

Acetyl value, 55. 

Acetylated siaresinol tanuol, 195. 
Acet\lene, 24. 

— tetrachloride, 24. 

Acid, abietic, 08. 

- - abietinic, 50. 

- - abictinolic, 50-1. 


' — piiiic, 74. 

! — sandaracinic, 277. 

I — sandaracinolic, 277. 
l' — sandaracolic, 274. 

I — sandaraco-pimaric, 278-9. 

I — silvic, 55, 74. 

I — succinic, 73. 

I — sulphuric, 104, 105, 218, 228, 274. 
1 — sulphurous, 96. 


Ledc, 1, 4, 6, 85, 73, 106, 155, 174, ' — tartaric, 226, 230. 


177, 190, 218, 430. 


tctrahydroxysylvic, 120. 


( 4 () 5 ) 


30 
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Acid, tetrahydroxyabietic, 120. 

— valerianic, 149, 225, 226. 

— value. 446. 

— values of balsams, 190. 

of oleo-resins, 46-7, 48, 50, 55, 67. 

of resins, 209, 219, 234, 260, 262, 

269, 277, 284, 446, 448, 449, 450, 
451, 452, 463. 

— — of losin, 122. 

of shellac, 305. 

— xylidinic, 227. 

Acid-magenta, 325. 

Acidity of alcohol, 32-3. 

— of oil varnishes. 437. 

— of ro.sin oil, 100. 

spirit, 110. 

— of solvents, 1-2. 

— of spirit varnishe<^, 437. 

— of turps, 109-10. 

Acids, regime, 120. 

— — auto-oxidation of, 279. 

Addition product^. bromine of turp•^ and 

substitmes, 107-8. 

of resins. 461-2. 

Afhnity of solvents for water. 1. 

African ammoniacum. 458. 

— bdellium, 438. 

— copaiba, 45^^. 

— elemi. 217-9. 

— mastic. 266 

— sandaraeh, 272-9. 

— turpentine, (io-O. 

Afjathis Salish. 197 
AilnfitJiUH (ihind}(h>s<i . 23" 

— malubni icn . 216. 

Alcohol, amylie, 2. 4. 8, 54, 218, 22*^, 269, 
270, 274, 3h6. 

— etiiNlic. 1, 2. 4. 28, 34. 

— meth\hc, 30-7. 

— stills, 2"-9. 

for beii/ol recliln aiion, 1.3. 

Alcoholic soda for i;eulral»/iijg lo-m oil, 
149. 

Aldehyde, 33. 

Aleppo pine oil. 65-^1. 

Aleurites cordafa, 257. 

— vwlucana, 257. 

Alexandria ma.stic, 455. 

Algeria aleppo pine oil, 656. 

Aliphatic h\drocaibor]S, 112 
Aikali blue, 414. 

Alkaline lye tank for rosin oil refining, 
142. 

Allspice oil, 170. 

Aloes, 41^. 

Amber, 451-2 

— spirit varni.shes, 349. 

Amcncaii rosin, 02, 115-«, 369, 419. 

— turps, 62. 

— wood turpentine. 92-4, 173-S2. 
Ammonia test for turps, 274, 
Ammonia/rni/i, iOH. 

Ammonium carbonate extract from 
oleo-resins, 47, 50, 50. 


Ammonium carbonate extract from 
resins, 277. 

Amygdaloid benzoin, 188. 

Amyl alcohol, sec Alcohol, Amylie. 
Amifris Plumerit, 214-6. 

Amrsthetic properties of rosin gas, 
124. 

1 of chlorine derivatives, 25. 

Angola copal, red, 451-2. 

white, 451-2. 

Aniline, 430. 

— violet, 449. 

Animal charcoal, sei' Hone Hlack. 

.Aiiimc resin, 460. 

Aui.se, 111. 169. 

Annam laciiuer, 256-8. 

— gurjun balsam. 208 
Aromatic hydroearbides, 112. 

.Arsen lous sulphide (-As.jS- orpimeiit) in 
shellac. 296. 

Artificial camplior, 152, 157-60. 
Asafoetida, 457. 

Asbestos, 379. 

Ash per cent in dammars. 209-10 

Asphaltum, 331, 349, 352. 

— spirit varnl"lle^, .34^-52. 

,A"j>ic oil, 1.39. 

.As->am dammar, 201-3. 

— lac, 291. 

— turpentine. 63-4. 

Auaui .SuicwM.'., 2.32. 

Auraminc, 327. 413. 

Au-.tiaha coj>al ikuiiri), 4,57. 

— niackboN gum, .see .Aceroidcs. 

— Hoiany Ihiy gum, -Accri>»des. 

— gravs-tree gum, .see Aceroidcs. 

— 'andaiacb, 272-9. 2^4 

— xantboiriiua rtMii, ste Accimdch. 
Austiian ro-m. 122 

.\U''lriun (Hunganuio turpentine, 66. 
.\uto-oxiualion t-f rosin, 121-2. 


B. 

lialsam.s — 

Canada, 1,5-9. 

Coj»a]ba, 237, 271, .579, 4.34-5. 

<»r«gon, 19. 
iVrii, 1.55. 

Tolu, 16. 

13am)»oo ))!pi-K as i;amljogc moulds, 
220 . 

Hark of JZ/ie*., olco-i csiniferou‘«* pockets 
or tumours in. 15, 49. 

Itasilir oil, 161. 

J*<h llniin. Afiican, 15'^. 

— Indian, 45H. 

IlechWHX, .37(1, 409. 

Hcngucla copal, :i(J9, 445, 450-2. 

Houni /-opal, 150. 

Hcnzcnc. .5. 4, 10 19, ,54, (i8, 228-9, 2.32, 
234, 2<j9-70, 274. 430, 444. 
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Benzene, pure, preparation and proper - 1 
ties, 14-16. 

Benzine, see Petroleum Spirit. 

Benzoate, draco-resino tannol, 214. 

— siaresinol tannol, 196. 

Benzoic acid, 188 et seq. 

Benzoin, 185-96, 408-9. 

— Siam, 184-93, 449, 455. 

— Sumatra, 198-6, 408, 455. 
Benzophlol)a*'hen, 195. 

Benzo-reainol, 198, 195. 

— cinnamate, 191. 

Benzoyl-acetatc ; draco-resino tannol, 
190, 196. 

Benzoylation, 275. 

Bergamotte, oil of, 151, 154, 161. 
Bismarck brown, 327, 415. 

Bitumen of Judea, 352. 

Jhxa Oiellana, 821-2. 

Blackboy gum, hoc Accroides. 

Black Annam lacquer, 256. 

— camphor oil, 2, 170. 

— Chinese lacquer, 254-6. I 

— dammar, 202-8. 

— dyes for spirit varnishes, 325. 

— enamel paints, 410-1. 

— Indo-Chinese lacquer, 256-7. 

— lamp-, 347, 411. 

— leather polishes, see Black Spirit Var- 

nishes. 

varnishes, nee Black Spirit Var- 
nishes. 

— spirit varnish enamel paints, 410-1. 
\arnishes, 849-52, 358, 8(>9, 370, 

882, 384,385, 398, 890,897, 398, 
40(i, 107. 

Bleaching of rosin, 114, 118. 

oil, 141-9. 

— of shellac, 299-808. 

Blonde rosin oil, 129. 

— shellac, nee Orange Shellac. 

Blue dyes tor spirit varnishes, 825, 


327-8. 

— enamels, 410-1. 

lacijuers, polishes, and varnishes, 414. 

— r»)sin oil, 12.). 

Boiling-point of terpenes, 152. 

(if turps, 82. 

noints, determination of, 489-41. 

_ 1_ of solvt uts, 4, 28, 88, 89, 42, 74. 

— rosm oil for paiut vehicle, 

Bok'o’s losin distillation process, 1 - 0 - 8 . 

! oil aud spirit refining, 189-46. 

Boiie-hlack, 192, 800. 803, 346 6. 


Borax, iTlO, 882. 

Bordeaux turpentine rosm, Frencli 
Turj 3 S and Ilosin. 

Bordo-rcscne. 78. 

Boric acid, 884, 

Borneo copal. 369, 45/. 

Bonieol, 168-70. 

— aci'tate, 159. 

l/iiiyrate synthetic, 16J. 

- esters, 155. 


Borneol, stearate, 169. 

— valerianate, 67. 

Botany Bay gum, see Accroides. 

“ Boxing ” American pines, 60, 61. 

— Indian pines, 63. 

Brass as material to stand CCI 4 , 23. 
Brazilian copal, 450. 

Bright green straw hat polish, 413. 
Brilliant green, 328, 413. 

British Honduras turps, 68 . 

— India turps and rosin, 63-4. 

Bromine Siddition, etc., products of kauri, 

461 ; rosin, 461. 

turps and turps substitutes, 108. 

— values of rosin, 461. 

of turps, 108. 

Bronze as material for CCI4, etc., values, 
23. 

Brown, Bismarck, 327. 

— dyes for spirit varnishes, 325-7. 

— enamels, 410. 

— hard spirit varnish, 391, 402, 407, 

410, 412. 

— kauri, 211. 

— lacquer, 401-10. 

— polish, 401-10. 

— straw hat polish, 413 
Burgundy pitch, 369. 

Bmmah camphor cultivation, 171. 

— lacquer industry, 258-9. 

Burmese lac/iucr, 258-9. 

Httrseracete resins, 196, 214-8. 

Bush kauri, 211. 

Button lac, 298, 305. 

1 Butylene, 153. 


C. 

Cacodyl, 226. 

Cade, oil of, 153. 

Cadineiie, 153. 

(Uijanits 290. 

Cajeput oil, 19, 169. 

Cajeiiutene, 151. 

Cake gamboge, 222. 

Calamus dracOy 212. 

Calcium benzoate, 15. 

— benzo-resino tannol, 190. 

— refining of turps by, 176. 

Camphor (laurel), 3, 24, 1.54-9, 160-71, 

368, 370, 382, 417. 

— “artificial,” 157. 

— borneo, sec Borneol. 
eugenol, 171. 

— oil, 170-1. 

— synthetic, 157-9. 

Camphoric acid, 1G7. 

CalUtris calcar at a y 280-2. 

— columellariSy 280-2. 

— cuiyressifoj'Viis, 280-2. 

— macleat/ana , 280. 

— muellcri, 280. 

— parlatarei, 280. 

— prc%ssi%y 280. 

I — verrucosa y 280-2. 
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Cameroon copal, 450. 

Canada balsam, 45-9, 884, 454. 

Canadinic acid, 47-9. 

Canadinolic acid, 47-8. 

Canado resene, 47. 

Canarimu, 196. 197, 19S, :20:2, 203, 204. 
217. 

— bencqaJeiisv, 208. 

— cojuniviu', 217. 

— luzomcunu 217. 

— Sikhtmensc, 204. 

— stncttini, 196. 

Candle-nut oil, 257. 

Caoutchinc, 24. 

Caraiia liedionda, 454. 

— resm, 454. 

Cai'away oil, 118 
Carbolineum, 12S 

Carbon-disulphide. 2, 8, 4, 20, 22, 218, 
282, 284, 269. 876, 879, 480. 

— dioxide of ru>m ga«, 124. 

— monoxide of rosin gas, 124. 

— tetrachloride, 22-8, 229. 

Carnauba \Na\, 876. 

Carthomus (Krutanihc. 821. 

— 821. 

Carvene, 417. 

Can'estrene, 151. 

— dihydrochloiidc. 152, 

Ca>serbro\vLi, .882. 

Cassia anricnhita, elemi, 210 
Castelloc, gamboge aiialvses. 222. 
Cast-iron f'^r CCl^ vessel-. 28. 

Cayenne elemi, 219. 

Cedrus Lebanx IV/r. Diod^im, o4. 
Cellulo!»e ace: ale, 25 
Celluloid spirit varnishes, .'l52-^ 

Ceradia resin, 455 
Ceylon camphor plaiuations, 162-5 

— gamboge. 220. 

Cliai pitch, 201. 

Chemical aijaly.se.s and testing of spirit 

varnishes. 420-64. 

Chian turpentine. 67. 

Chinese lacquer and laequiniig. 252-6. 
Chios mastic, 2r»6.71. 

“Chipping” .\merican pine. 61. 

Chloral liydrate. 196, 21K, 2.i4, 269-70. 
Chloride of lime m shellac hleax lung. 
299. 803. 

( hlorine. 299-808. 

— den\aliNes a-* solvents, 24-5. 
Chlorotorm, 4, 7, 28, 54. LHJ, 20*'- 1 1, 218, 

22-'-9. 282, 2.84, 269-70, 274. 87<1, 444. 
Chrvsoidine, 827, 414-5. 

Cinene, 151. 

C^iiivfninonnii < n lujihxra , 16''. 

Citronella oil. 1 18. 

Cloves, oil of, 176 

Coccus lacca, srr Tac< hardia 

CfK-liineal lac insect, see 1 acchardia. 

— Mexican, 2'.<4. 

CoefficieDl of expansion of rosin oil, 141. 
of turj*s, 1 11. 


I Collodion spirit varnishes, 352-4. 
Colorimeter, Duboseque’s, 422. 
j Colour of solvents, 1,2. 

1 — reactions and colour tests for : — 

' Alcohol, purity of, 81-2. 
i Benzoin, 191. 

Camphene, 156. 

I Carv’estrene, 150. 

Dammar, 203. 

Dipcntenc dihydrochUu-ide, 155. 
Gamboge, 224. 

Garcinolic acid, 22S-9. 

Gurjun balsam oils, 282-8. 

Pineue, 156. 
llosin, 805-6. 

Rosin oil, 149-50. 

Sylvestreiic, 156. 

Turps, impurities in. 97. lOS 9. 

Congo copal, 445 , 4.50, 452. 

Conih'Tous rcsins and balsams, see Oleo- 
lesins. Kauri, Manila, Sandaroc'h. 
Constan<*y of sup}»ly of solvents, 8. 
Continental metliods. 8S5-6. 

— “ polislics,’* 401. 

Cojmiba balsam. *287. 874, 879, 

— Biaziliau. 455. 

— Marauham, 455 

— Para, 4.54. 

Cc'pal. solvents for. 860-'' 

— spirit varnishes, 85 s . 71 

— see Manila Copal. 

Copper t>» withstand action of CCl^, *28-4. 

— conductors, insulating, varnishes for, 

87.5-80. 

•* (. orneriug ” pines, (*1. 

Corrosion hv acid solvents 1-2. 

( ottoii-seed oil, 284. 

Courharil copal, ‘ith 445, 450, 451. 
('ovvdie. s< <’ Kauri. 

Cowrie, see Kauri 
Creosote. 182-1 
Cresol, 174. 218. 

Cn.jj Anieru an tiirpeiiiiue. 61. 

— .shellac, 2*91. 

Cumene. 1. 112, 282. 

Cvmenc, 151-5. 

— sulpliouale, 155. 

C\ mogene. 41. 

D 

I >0 nuqinl (it (K n, 2 1 2-8, 

]>animar, J'.«;-211, 881, -11.8. 115, 149, 
151, 1.52, 4 -.5 

-- P>atuvian, 196, 199-201 

— black , 202. 204 . 

(ompisinon of difTerent varieties. 
Mala) nanuh- - ’ 

Dainmat Kumiis, 20^ 9. 

Mala Kuching, *20*' 

- McrunU, *208-9. 

Penak, 208-9 

- Soongvi, *208-9, 

Mrayali, *20^-9. 
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Dammar, rock, 204, 206. 

— sal, 201, 202. 

— white (piney resin), 206-8. 

Dammars, acid values, 209; — black dam- 
mar, 203 ; rock dammar, 206. 

— compositions, 209. 

— densities — sal dammar, 201. 

— diptcrocarpus, 196-211. 

— ester values, 209; — black dammar, 

203. 

— iodine values, 452. 

— melting-point, black, 203 ; rock, 206 ; 

various, 200. 

— saponification values, 209, 449-50,452. 

— solubility, Batavian, 199 ; black, 203 ; 

rock, 206, 

— (Batavian) spirit varnishes, 371-3. 
crystal varnish (dammar in turps), 

372. 

gold bron/c varnish, 372-3. 

Damvuira albti, 197. 

— orimtah'i, 197. 

Dammarolic acid, 199. 

Dammaro rescue, 2(X)-1. 

Dchloomiiig of rosin oil, 148. 

Definition of spirit varnishes, 330. 
Demerara copal, 445, 450; see Vol. II. 
Density of rosin oil, 141. 

— — spirit, 140. 

— of solutions of rosin in alcohol, 436. 
of sulphur in carbon disulphide, 

21 . 

— of solvents, 1,4, 5. 

— of turps, 97-S. 

substitutes, 112. 

Deodar oleo-resin, 04. 

Dextropinene, 95. 
Diacetliyl-lariciresinol, 58. 

Diamond fuchsine (magenta), 414. 
Dichlorhydrin, 25-7, 234-366. 


Distillation, naked fire, of oleo-resin, 
81-7. 

— of crude pine oleo-resin, 74-94. 

— of purified pine oleo-resin, 89. 

— of wood for turps, 172 82. 

— steam, of oleo-resin, 87-92. 
Diterebenthyle, 135-40. 
Diterebenthylene, 135-40. 

Divalent terpenes, 153. 

Dorian’s oleo-resin purifying pan, 80. 

— turpentine still, 92. 

Draaena Australis, 213. 

— cinnabri, 213. 

— draco, 213. 

— SchiznntJbu, 213. 

Draco albane, 214. 

— resene, 214. 

— resino-tannol benzoate, 214. 

monacrylate, 214. 

Dragon’s blood, 26, 212-6, 399, 418-9, 

451-2, 455-6. 

palm, 212-6. 

Dromart’s oleo-resin purifying pan, 79. 

— wood-pitch and wood-tar still, 180. 
Ih'ijbahmojyn, 198. 

— aromaUca, 168. 

Dry distillation in electric furnace of 
wood for turps and tar, 92-4. 

of benzoin, 188-9. 

of Canada balsam, 47. 

of gamboge, 224. 

of grass-tree gum, 23(). 

of india-rubber, 19-20. 

of Java copal, 233. 

of rosm, 124-38. 

of Strasburg turpentine, 50. 

of Venice turpentine, 56. 

of wood for turps and tar, 172-82. 

i E. 


— varnishes, 365. 

Didecenc, 135, 140. 

DietericU’s researches on Java copal, 


233-5. 


Digger pine balsam, 67. 

Dill, oil of, 151. 

Dimethylamlme, 430. 

Pipentene, 151-4, 160, 367. 

^ di hydrochloride, 152-5. 

Dipping coils to coat with insulating 
varnisli. 378. 

J)ipierocarj>acc(e, 197-204. 
Ihpterocarpiis, 231. 

— nlatU'^, 

— Crispalat IIS, 231. 

— (Iranlis, 231. 


— Ilisp^diis, 231. 

— JneaniiK, 231. 

— ^ littoral IS, 231. 

— retiisiis, 231. 

_ tiirlMwIiis Uiw ivdKHK, 
Disii.iegrator for crusfnng resins Jd . 
nisiillatioii, clcetric. of wood for tmiis. 


92-4. 


Elaidin test [.src Vol. I] for rosin oil, 150. 
Elaterite, 379. 

Electric furnace method of distilling 
turps from wood, 92-4. 

Elemi, 24, 26, 214-9, 351, 379, 888, 417, 
449, 451-2, 455. 

Enamelled pans for fusing dammar, 371. 
Enamels, spirit varnishes, 3, 381, 410-1. 

black, 410-1. 

blue, 410-1. 

brown, 410-1. 

green, 410-1. 

— grey, 410-1 . 

I orange, 410-1. 

I red, 410-1. 

i yellow, 410-1. 

vehicles (varnish for), 411. 

1 Engine oil, flash-point, 430. 

I Epichlorhydrin, 25-7. 

I — varnishes, 456. 

; Erythro resino-tannol, 236. 

I Essential oils in oleo-resin s, percentage 
of, 74. 
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Ester value of oleo-resins, 448 et seq. 

of resiuB, 446 cf seq. 

of rosin, 122. 

of shellac, 305. 

Ethane, 24. 

Ether acetic, see Ethyl Acetate. 

— ethyl, 4, 24, 33-4, 190. 228-9, 234, 269- 

70, 274, 368, 384, 464. 

— nitric, see Ethyl Nitrate, 

— nitrous, sec- Ethyl Nitrile. 

— petroleum, see Petroleum Ether. 

— sulphuric, see Ether, Eth\l. 

Ethereal oils, 274. 

— {-alts as solvents, 34-8. 

Ethyl acetate, 33, 56, 228-9. 2(;9-7(». 

— benzoate, 224. 

— butyrate. 226. 

— ether, Ether. Etlnl. 

— iodide, 192. 

— nitrate, 35-C, 366. 

— nitrite. 36. 

Ethylene, 24, 135. 

— dichloride. 24-5. 

— perchlondc 24-5. 

— trichloride. 24-5 
Eucal\*ptus oil, 151. 

Euphorbia tirucadli, 45(). 

Evaporation, lapidity of, 1-4 

F. 

Faraday's disc o\ LT_\ (jf bcn/ciie. 14. 

Fast blue, 328 
Fatty acid, 437. 

— oils in turp> detectu-ii, 116 
Fehling’s solution. 223. 27''-9. 

Fenene. 152. 

Fennel oil, 154, 217. 

Fu'us. lac of. .304. 

— rehqwsfi, 21«i. 

Filmometer, 421 
Filters, vami''h, 341-r.. 

Filtration t»f alcohol tliioujili nuu.klim 
30, 

— of oleo-resin. 70. 

— of rosin, 114. 

— of vamihli. 341-6 

througli animal chanoal. 30( 

303, 345. ste Vol. II. 

Fir, silver, .ve I'la’n. 

— Scotch, sie Pinu\ S/th rstri'-. 

— spruce, see Abie'-. 

Fire-heated tuqientine stills, si -7. 
Flash-point, Abel's letter. 426-^. 

Gra\'s tester, 128, 

new tester for mixture-, -oiid an 

paste, 430- 1. 

— — of fall\ oiU, 4 'j6. 

— — of B<)lvenls, 430, 

of turjfs subsiilulcn, 112. 

of vamisbes, 42fi-34. 

Flowers of ben/oin, Ihn. 

Fluorescence of petroleum and shah o 
products, 42. 

— of rosin oil, 148 . 


[Fluorescence of Venice turpentine, 56 ; 

[ see Deblooming, 

i Formaldehyde. 412. 

! Formic acid, 4, 73. 

1 Formosan camphor, 161-2. 165. 
i Fractional distillation of coal-tar naph- 
tha, 10-4. 

! of gurjun balsam, 232. 

turps, 108. 

substitutes, 112. 

Frankincense, 418. 

— pine. 44. 

Free acid in alcohol, 32. 

French rosin, 449. 

oil, 131-7. 

— turps, 69-74, .108. 

Frenelo vernicosn, A. Cunn ; see ('ah 
I it ns leiruciisa. 

Fuchsine, see Magenta. 

Fuller.*^’ earth, 383. 

Furfurol in alcoliol, 31. 

Fused amber (p\ rosiiccin), 348. 4‘M> 

— Madagascar copal (pyrocojjalb 450. 

— Zanzibar copal (pyrocopal), 450. 
F'usel oil, S. 9. 430. 

G. 

Gaboon topal, 444 . sn Vol. 11. 
Galbauum. 2('»'<, 45S. 

(lalipot, 445. 

(lahauized iron, 23. 

Gamboge, 220-30, 397-9. 414. 41^. 449, 
451, 457 

- anal>'-e'.. 222. 

— Ceylon, 220. 

-- dr\ di^lillaiiun, 227. 

— India. 220. 

— Iiido-China. 220, 
p**cudo, 22i 

- Siam, 221 

Gambogiaies. Scoflcrn‘.-i mcLali.i , 221. 
(iaiiund Ilaiihni iju, 220. 

— Mdrella. 220-1 
Garcmolic acid, 22*'-9 
(ianlemo -p,. l‘.K>, 

— fl^>ruhi, 243. 

Garnet lac. 29‘'-9, 104, *05. 3.^1. 392-8, 
402-5. 417. 452 

Gasidene, 3, 4. 5. 16, 11-2. 335. 

Gelatine, .3.'Wi, 412. 

German lurj»s. 108. 

Giir-. varni*-!! analNsih. 459 ei '•tij 
Glacial a<’elie aeid, .51, 156. 

— l« Ki for lui !»-, Hk; 

(^lah^, etching on, 3.’>0. 

Glue., 39.5. 

(il\eeriue, 22, 25. 3*'4, .391-4, 39^. 
Glyeolh. 32. 

(fold hrou/e, 372-3. 

— loeq tiers. .397. 

Golden spirit \ariiish. 41K 
Goose skin. 233. 

Grades of American rosin, 115, 116-6. 
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Grades of FrenoU rosin, 115. 

— of Spanish rosin, 116. 

Grading of rosin. 110-6. 

Graphite, 379-411. 

Grass-tree gum, AccroidcH. 

Grecian turps. 73, 108. 

Green bronze, 409. 

— Brunswick, 387. 

— dyes for spirit varnishes, 32.5. 

— — proportions for spirit varnishes, 

414-5 

— rosin oil, 127-9. 

— spirit varnishes, 413-4. 

enamels, 410-1 . 

— straw hat polish, 413. 

— vitriol, dehydrated, 393. 

Grey spirit varnish enamels, 411. 
Guaiacol, 176. 

Guaiacum, 454. 

Guapinol, 445, 451. 

Gum-arabic, 395. 

of gamboge, 22-3. 230. 

of Japanese lac 244, 247. 

— Senegal, 395. 

Gurjun balsam, 230-2. 

Gutta-percha, 3, 87G-7. 401, 41'). 
Guttifcne, 198. 

Gypsum, 383. 

H. 

Halogen hydride, action on terpenes, 
1.50 i'i si‘<j. 

Halphen’s reaction, 108. 

Hauaus’ iodine solution, 314, 

Handmill for crushing resins, 336. 
Hardened rosin, 118. 

Hard lies', of resins, scale, 331 ; sec 
Vol. Tl. 

Heating surface of rosin still. 133. 

HeavN camplior oil, 171 

— coal-tar oil, see Vol. II. 

— mineral oil, 40. 

— losm oil, 124-38. 

Hcmiterjienes, 15.1. 

Hemlock spruce (.16n'S Canatlensis), 
44-5. 

Henry oii sandaracli, 276-9. 

Heptane, 135, 177. 

Hespendene, 151. 

Hexachloretliane, 24-5. 

Hexane, 42. 

Hcxavalent terpencs, 153. 

High 4 ;radc rosin oils, 149. 
Hirsclisobn’s reagents, 4. >3. 

scheme for resin analysis, 454-60. 

JlojtCii, 197. 

— FcirCit, 207. 

— 20 /. 

— tmcrmitha, 206. 

— otUrrnta, 206. 

Hops, oil of, 153. 

Humuleue, 153. 

Hungarian fir resin, ()t>. 


I. 

Imitation gutta-percha, 376. 

India blue pine of P. Excelsa, Wall, 63. 

— dammar of, 197-9, 201-9. 

— elemi of, 218. 

— gamboge of, 220. 

— natural lacquer of. 247. 

— rubber, 381, 385, 368. 

destructive distillation, 19-20. 

solubility, 3. 

varnishes, 375-9. 

— shellac of, 284-317. 

— turpentine of, 63-4, 108. 

Indigo, 824. 

— carmine, 399. 

Indo-Cninese gamboge, 220. 

lacquer, 256-8. 

oils (drying), 254, 257. 

Tnduline, 399, 415. 

Influenza and camphor quotations, 164. 
Insulating varnishes, 376-80. 

Iodine value of mineral oils, 150, 

of oleo-resins, 448 et seq 

of resins, 448 et seq. 

of rosin, 122-3, 315-7, 318, 319, 

448-62. 

shellac, 305, 815, 310, 317, 318, 

319, 448-52. 

— — of turps, 107, 112. 

substitutes, 112. 

Iodoform, 7. 

— reaction for alcohol in turps, 110. 
lodomctric assay of acetone, 7. 
Iridescence, 397. 

Iron chloride, 191. 

— vessels and piping, action of CCl^ 

and its congeners on, 24. 
Isoborneol, 152-9. 

Isobutyric acid, 120. 

Isohexane, 42. 

Isopentane, 42. 

Isoprene (di-), 151-4. 

Isuvitinic acid, 226. 

j- 

Janus blue, 325, 328. 

— black, 325 

— green, 325, 328. 

— red, 325 

Japan, lacquer of, 238-52. 

— wax, 241. 

Japanese wood oil (tung oil), 254; see 
Vol. I. 

John’s analysis of shellac, 304. 

Judea, asi>haltum of, 360-1. 

Juniper, oil of, 157. 

Jura turpentine, 66. 

K. 

Kaiser oil, flash-points, 430. 

Kala dammar, 202. 

Kampmann’s litho ink, 351. 
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Kanyin oil (gurjun balsam, q.v.). 

Kauri, 26, 312, 367, 445-6, 450, 457-461. 
Kerosene oil, 430. 

Kino, 410. 

Kissel copal, 445, 450. 

Kusum lac, 304. 

L. 

“ Laccase,” 244. 

Lac, “ button,” 20S, 305. 

— dve, 292-6. 

— “'garnet," 29S. 299, 304, 305 

— lake, 292-6. 

— resin, 285. 

— “ stick.” 292. 

— wax, 285, 2'^7 8, 404, 110, 411, 413. 
Laccic acid. 304 

Lactonic acids of rosin, 120. 

Lampblack. 347, 382, 384. 3s7, 49S. 41(». 
418. 

Larch oleo-resin, 4‘4 74, >84 

es'-enlial oil, 74 | s<’(- \ enu'c Tui- 

lientine]. 

— Scottish gro\\n, 51-3. 

Lard oil, flash-point 4’40. 

Lancmoli acid, 5<;-7. 

Larmolic acid, 67-8. 

Laru Kunqu'o (the larclii, 43, 51, 
Laundr}' soap, 494 

La%ender oil, 170, 46*'. 3sl, 3^8. v.hh 
Lead acetate, 22, 24, 'i5, 47-*'. 50, 77, 
191, 274, 382, 4^4. 

— piping, 2‘4. 154, 

— rosinate, 124. 

Leather dressing, 177. 

— varnishes 370, 3'' 5. 

Leggings, leather varnish for, 398. 
Lemon oil, 151, 217, 3.50-1. 
Levo-camphor, 165, 

— pinene, 95. 

^iebermann’.s te-xt for rosin and rosin 
oil, ;405-G, 

Light camphor oil, 171. 

— green, S.F., 328 . 

Ligroin, 40. 

Lime, distilling ro^-in over, 1'44, 13'* 

— extracting benzoic acid In . 1*^8. 

— hardening rosin by ,Vol. II, lo4j. 

— rectifying alcohol by, 29. 

Limonenc, 154. 

Linen for tesiing insulation \arnislM*s, 
378. 

Linolcate of magnesia, 170. 

Linoleates, 121, 123. 

Linoleic acid, 36^»-7, 379. 411. 
Linoleum, 3.54. 

Linseed oil, 351-2, 36<*, 395, 1 1 1, 4'40. 
Liquidambar, 456. 

Loango copal. 444, 450. 

Loblolly pine, 44-5. 

Logwood extra<-t. 38,3, 392-3, 399, 
London crude ( oal-tar uaphlha. 10. 
Long-leaf pine of .Ament a, 178. 


Luban Djawi (Djaoui), 185. 

Lubanol, 196. 

M. 

; ]\Iace oil, 151-4. 

Machinery, enamels for. 410-1. 
Madagascar eoiial, 445-50. 

Magenta, 397, 414. 

— diamond, 408. 

Magnesium caibonatc, .i79. 

Mahogany brown, 415, 

— straw bat polish, 414. 

Maiden on Vustralian sandarach, 279- 
.83. 

Malachite giecn. 328. 

Molalc n-ca U’ iiciuh’ndrou , 19-20. 

Malay States cainiflior, 164. 
Mancopalciiic acid, 260-3, 

Mancopalmic acid, 2(>0-.4, 

Mancopalolic acid, 261-3, 
Mancopalreseii, 26)3. 

Manganese n^sinate. 123, 366, .?7I. 
Manila eopal. 26-7. 233-4, 2(i()-(.. 312, 
3.50, l(;i. .364, 469, 378, .480. 382-5, 
.397. 445-r». 44'.>. 451. 457. 

— eleiiii, 216, 210. 

Main resin, 454 
Maujak asjilialluin. 461 
Mansfield’s aleuliol -tiHs fiu ben/ol, 15. 
Maranliam eojiaiba. 1.54. 

Mantiine pine, 4 4. 

Maroon straw hat iioli^hes, 414. 
Marquetry stums, 4‘.M. 

Man Ills yellow ,414 

Mattie, 24, 26, 2f»6-71. 331. 37f>. .484.5, 
388-9. 415, 417-9. 14.5, 449. 4 5J, 454 

— Alexandria. 155. 

— P>oniba\, 454. 

— Chios, 2(;6-71. 

— constants — 

Acid \alue. 269 
CompuHilion, 271 . 

Densiu, 268 
Hardness, 268. 
lo'iine \aliie. 14 8 ,-t .vs/ 
Melting-points, 269. 
Sapt»nitieuti(jn \aliie, 2(>‘'. 
.■^olnbility, 26»'*. | \ 

— \arnish eimmel-. N] 

-- varnishex. .'.so ]. 

Mastieiii, Julmsione’s, 271. 

Maslicinic acid, 269-71. 

Mastieolic aeid, 270-1. 

Masticonie acid, 270-1. 

Mastico resene, 271 

Malt \ariii.sh. .3sO-.5. 

Mecca balsam, 4-55. 

Megilp, 380. 

Mrlitjinrrhva Ida xU'J <i , 2 52. 2-56 
Mi lting lac, 296 

— point of eopals, 4.50-1. 

— - of roKiij t.i-raled), 12 1. 
Mesityleiie, 112, 154. 
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[Metallic roainates, 123-4. 
Metauaplithalene, 138. 

MetaniJ yelJow, 397. 

Metaxylene, 18-9. 

Methylal, 218. 

diethyl alcohol, 3, 36-7, 218, 228, 270, 430. 

— nitrate, 37. 

— violet, 825, 329, 358, 382, 414. 
Methylene blue, 328, 398. 

Mexican cochineal, 294. 

— elemi, 215. 

M in oral naphtha, 40-2. 

— wax, sea Geresin. 

Mirbane oil, 148. 

[Miscibility, mutual, of solvents, 3, 7, 8, 9, 
15. 17, 21-2, 24, 31, 35, 37. 
Mitschcrlich’s polarimeter, 100. 

Mixed solvents, 363 ef srq. 

[Mogadore sandaracli, 272 ef seq. 

Modoc lilorben/ol, 430. 
Monohydrochlorides of terpenes, 159-60. 
^loulding of rosin, 114. 

Musical instruments, 404. 

Mutualistic relations of ants and Tac- 
chardia on hosts of lac insect, 291. 

N. 

Naphtha coal-tar, 10, 13, 350. 

— petroleum, 40, 42, 886. 

— shale, 42. 

- sohent, 13. 

— wood, see Methyl Alcohol. 
Naphthahme, 39, 154, 398. 

Naphthenes, 42, 

Naphtliol yellow, 414. 

NaNal stores - Turps and Rosin, q.e. 
Neu/.a pine, 44. 

New South Wales sandaracli, 279-83. 
Nigerian elemi, 217. 

Nigrosin spirit, soluble, see Black Spirit 
Varmshe.s. 

— water, soluble, see Black Spirit Var- 

nishes. 


Oclire, satin, 411. 

Octane, 111. 

Ocuha. wax, 376. 

Oils, determination of, 252. 

— essential, of benzoin, 189. 

of cajeput, 19, 169, 363. 

of camphor, 170-1. 

of elemi, 217. 

of gamboge, 224. 

of grass-tree gum, 236. 

of gurjun balsam, 232. 

— — of Java copal. 235. 

of lavender, 170, 364, 36S, 381. 

of Manila copal, 263. 

of mastic, 271. 

of oleo-resins, 74. 

of rosemary, 170, 363, 384. 

of sandaracli, 270. 

— fatty extraction by CSo.CCL, etc., 

21 . 

Old field pine, see P. Taeda 
Olefins, 112. 

Oleic acid, 304. 

Oleo-resins, 73-5. 

Olibanum, 154, 458. 

Olive oil, 351, 402, 430. 

Once-run naphtha, 11. 

Opoponax, 458. 

Optical rotation, 74, 101. 

Orange aniline, 408. 

— enamels, 411. 

— shellac, 297, 305, 402, 442. 

Oregon balsam, 49. 

Organic impurities, detection of, in al- 
cohol, 31. 

Orleans, 414. 

Orpiment as pigment, 254. 

: — in shellac, 296-6, 315, 404. 

Oxalic acid, 32, 230, 275, 403. 

Oxidized turps, 402. 

; Oxybenzoic acid, 213. 

I Oxydammarolic acid, 200. 
Oxysandaracolic acid, 275. 


Nilgliin.s, campiior cultivation on, 161 
Nitric acid ain> 1 aleoliol as copal sc 
vent, 366. 

- ether, see Kth\l Nitrate. 
Nitrobenzene, 16. 

Nitro-benzoic acid, 213. 
Nitro-cellulose, vS, 

Nitro-iiaplitinileiie, 118-9. 

Nitrosites, 152 

Nitrous ether, see Ethyl Nitrite. 
NoniiaTparatlms, 112. 

North African mastic, 266. 

saiidarac'h, 272. 

.Norway’pine (/'• Pesnntsd) oleo-iesin, < 
-- spruce, 43. 

Nut pine, 67. 

O. 

Oak marquetiN stain, 394. 

Oi hre, J.F.L.S., 394. 


P. 


Palahietinic acid, 68. 

Palas lac, 3"'4. 

Palm dragon’s blood, 213-4. 

— oil, 351. 

Paper insulation varnish for 378. 
, Paracumaric acid, 236. 

Paraffin oil, 443. 

I — wax, 31, 40, 352, 377, 395, 430. 
i Paraffins, 42, 112. 

Paraoxybenzoic acid, 236. 
j Parquette floor varnisli, 394. 

! Patchouli, 161. 

Pentane, 42. 

Permanganate, 189, 190, 193, 275. 
Petrol versus turps, 1. 

Petroleum Act, 1879. 

— burning oil, 40, 430. 
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Petroleum ether, 4, 40-2, 229, 234, 269, 
270, 274, 430, 

— heavy oil, 40. 

— mixtures, 434. 

— naphiha, 40-2. 

— spirit, 1, 40-2. 

Phellaudrene, 152, 217. 

— nitrite, 152. 

Phenanthrene, 154. 

Phenol, 174. 

Philippine Isles elemi, 21G. 

Phlobaphene, 192, 195, 214. 

Phloroglucin, 213, 225 
Phloxine, 358. 

Phosphine, 326. 

Picea bahaviea^ 49. 

— exccha (Norway spruce), 66. 

— montana {Pinna immilin), 66. 

— (abies) pechnata (silver hr), 49-51. 

— pimaroLic acid, 67. 

— vitlgai'tSy 74. 

Picric acid, 408 

Pimaric acid, 73, 131, 149, 150, 277, 
279. 

Pimarolic acid, 73. 

Pine (live and dead) distillates, colour 
tests for, 97. 

— stump oil, 175. 

Pmene, 67, 162-4, 155, 158, 159, ICO. 

— monohydrochloride, 152, 160. 

— nitrosochloride, 152. 

Pines, o:eo-resiniferous, 43-74. 

Pinewood distillation for turps, 92-4, 

172--2. 

Pinic acid, 74. 

Pinus Abies, 43 

— Australis, longleaf pine, 44, 00. 

— Austriaca (Lancio). Poiret. 74. 

— Balsaiiiea, 45. 

— Cembra, 44. 

— Corsica, 43. 

— cubensis, 68. 

— Douglass /3 pendula parlat, 44. 

— Excelsa, Wall, 44. 

— Fraserii, 45. 

— Gerardiana, Wall, 44, 63-1. 

— Grifiithh, McLelland, 44. 

— Halepensis, 64-6. 

— Heterophylla, 44. 

— Khasya, Hoyle, 64, 95. 

— Khasyana, Griff, 64, 95. 

— Laricio, 43, 74. 

— Larix, 43, 51 ct Si-q. 

— longifolia, 63. 

— Maritima, 43. 

— Merkusii, 44, 64. 

— nigra, Arn, 43. 

— nigricano. Host, 43. 

— onentalis, 44. 

— palustris, 44. 

— pendula. Griff ; sec P. Excelsa, 

Wall. 

— Picea du roi (Norway spruce), 44. 

— pinaster, 43. 


Pinus pinaster, Solander 48. 

— ponderosa, 44, 68. 

— pumilio; sec Picea montana . 

— resinosa, 44, 08. 

— rigida, 44. 

— Sabiniana, Douglas, 67. 

— Sibirica, 159. 

— Sinensis, 44. 

— Sylvestris, 43, 175. 

— Strobus, 44, 74. 

— taeda, 44. 

— taurica, 74. 

Pipe gamboge. 220-2. 

, Pxatacia cab n hen, 267. 

! — IhtJijnk, 267. 

I — lenitaciis, var. Chia, D.C., 266-8. 

' — terehmihi'.i ns, var. Allautica, 267. 

' var. mntica, 266-8. 

— rera, 267 8. 

Pitch, burgundy (gum thus, etc.). 06-74,. 

351, 309, 390, 391, 396, 398. 
Plantations, camphor, 104-5. 

— Japanese lacquer, 239-42. 

— maritime pine, 70-1. 

— shellac, 291. 

Pockets, oleo-resin secretion, 45-9. 
Podocarpus resin, 456. 

Polish turps, 108. 
l^olishes, 403-9. 

Polymerization lesidues of turps and 
turps buhstitutes, 112. 

Pontiaiiak copul. 445. 

Poppy oil, 405, 430. 

Potash, alcoholic, 276. 

Potassium bicarbonate. -352. 

— bichromate, 392, 397. 3'99. 

Puce of solvents, 1, 3. 

Printing inks, 177. 

Pru.ssian blue. Hits, 411. 

Purification of benzene. HI. 

— of Flench oleo-resin, 79. 

Pyrites, 234. 

Py rocatcc h i n , 236. 

Pyrocopal, 360, 401. 

P} roguaiacol, 238-53. 

Pyroligneous acid 129. 

Pyrometers, 80, 93, 143. 

Pyrosucciu, fused .\inl)er, 349-450. 
Pyroxylin, 8: .see Nitro-cclluloM-. 

Q. 

Queensland resin, 284. 

Quick rosin distilling, 132. 

— rubbing varnish,’ 401 . 

R. 

lialli shellac, 305. 

Rangoon, Hiqtea odoi'atn (jf, 206. 

Rape oil flash-point, 430. 

Rapidity of evaporation of varnish sol- 
vents, 4. 

Raw linseed oil, 419. 
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Red aocroides, 235-7. 

— Angola copal, 360, 447. 

— dyes for spirit varnishes, 321-2, 325, 

357, 407-9, 413-5. 

— enamels, 411. 

— kanyin, see Clurjun Balsam. 

— lead, 387. 

— pine, 44. 

— sandalwood, 320-1. 

— Banders, 320-1. 

— Venetian, 387. 

Refining carbon disulphide, 20. 

— petroleum spirit, 42, 

— rosin oil, 139-5(J. 

spirit, 139-40. 

— Russian turps, 9(5. 

— turps, 110. 

Refraction of rosin oil, 101-8. 

— of turps, 74, 101-8. 

Resenes, 73. 

Rcsinates, see Vol. II. 

Resin esters, 191-2. 

Resiiiic acids, 119-20. 

Resino-tannol esters, 192-(1, 28(5. 

— tannols, 192-6, 286. 

Resorcin, 286. 

Retort tar oils, 173. 

— wooJ-tar, 178. 

Rhigoleno, 41 
Rhodamine, 415. 

liJtiis Succedonod, 288-40. 

— Vci'^ncifera , 289, 241, 252. 

Rock dammar, 2(Xi-7. 

Roperies and retort wood-tar, 173. 

Rose Bengal, 857. 

— pink, 857. 

Rosemary, oil of, 170, 868, 884. 

Rosin, 331, 848-52, 362, 390, 409, 443, 
449, 451, 452. 

— acid value, 122. 

— alcoholic solutions, density, 186. 

— auto-oxidation of, 118-20, 

— bleaching, 114, 118, 128-9. 

— cdiemistry and distillation of, 114 et 

S('(i. 

— coke, 128. 

— constants of, 122-8. 

— density, 48(5. 

— detection in turps, 109. 

linseed oil and liuoleates, 121. 

— distilling, 124-88. 

— drying, 115. 

— ester value, 122. 

— filtration, 115. 

— flasli-point, 430, 

— gas, 124, 128. 

— grading, 115-6. 

— ha’r&eiiing, 118-9. 

— Henriques on composition of, 119- 

20. 

— inspecting, 116-7. 

— iodine value, 122-3. 

— lime reactions of acids of, witli, 131. 

— moulding, 114. 


Rosin oil, 64, 108-11. 

acidity of, 110. 

bleaching of, 141, 147. 

bloom of, 141, 146. 

blonde, 132. 

blue, 128 ; refining of, 146. 

— — carbolineum quality, 128. 

crude, 124-41. 

density of, 141. 

drying oil from, 147. 

expansion coefficient, 141. 

flash-point of, 130. 

glacial acetic as solvent for, 160. 

grease quality, 124. 

green, 129, 182. 

heavy, 124-41. 

light, 124-41. 

paint oil, 147. 

printing ink ([uality, 136. 

reactions (colour, etc.) of, 149-50. 

siccative, 147. 

soluble oil quality, 146. 

viscosity of, 136. 

yellow, 129. 

^ — yield of, per cent of rosin, 124. 

— pitch 129. 

— refining, 118. 

— refraction of, in linseed oil, 121, see 

Vol. I. 

— resencs in, 120. 

— saponification value, 122. 

I — solubility, 386, 444 et seq. 

, — specification, 11b. 

I — spirit, 97-8, 108-9, 113 128, 177. 

!— - stills, 124, 125, 126, 127, 128-34. 

' — varnishes, 886-8. 

' — valuation, 115. 

Rosinates, 121. 

— lead, 124. 

— manganese, 123-4. 
i — metallic, 123. 

Russian tfnrps, 43, 95-7, 113. 

— white pine oil, 172-8. 

S. 

' Safflower, 254, 321 2. 

' — seed oil, 321. 

I Saffron, 324, 414, 418. 

! Safranine, 325. 

I Sagapenum, 457. 

I Sage, oil of, 151. 

■ Sal ammoniac, 892-8. 

' — dammar, 201 . 

: Sandalwood, 399, 417. 

, Saudarach, 24, 26, 272-84, 331, 350, 383- 
5, 401-5, 417-8, 445, 449, 461, 456. 

' — acid value, 277. 

I — composition, 274-9. 

I — density, 273. 

■ — ester value, 277. 

' — hardness, 273. 

I — iodine value, 452. 

I — melting-point, 273. 
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Sandarach, saponification value, 277. 

— solubility, 282. 

— varnishes, 388-92 ct seq. 

Santaline, 320-1, 417. 

Sassafras, 161. 

Satin ochre. 411. 

SchleicJiera trijnga^ 290. 

“ Scrape ” oleo-rcsin, 62. 

Seed lac, 285, 292, 304-5, 418, 449. 
Sesame oil, fia'-h-pomt, 480. 
Scsqui-terpenes, 153. 

Shale naphtha, 98, 104. 

Shellac, 376, 878-9, 380-1, 882 8. 

— acid value, 805. 

— analysis, 804. 

■ — bleached, 26. 

— bleaching, 299-308. 

— colour of, 299. 

— composition, 285. 

— ester value, 805 

— iodine value, 305 

— manufacture, 295-9. 

— ori)iment in, 295-6. 

— Ralli, 805. 

— sale of, 292, 298. 

— saponification value. 805. 

— solubility, 3, 807. 

— spirit varnishes, 895-418. 

— water \arnishes, 892-4. 

Sherry flash-point, 480 
Shoemakers’ pitch, 127. 

Shore a Catuhuha, 207. 

— (flauca, 207. 

— HiipoclirOy 207. 

— leiicobntri/a, 207- 

— Obtusfi, 207. 

— rohufita, 197, 201-2. 

— stenoptera , 199. 

— TJurrclU, 207. 

— Wie^tneri, 199. 

Siam benzoin, 185-8, 198-6, 405. 

— gamboge, 220. 

Siaresiuo-tannol, 195. 

benzoate, 195. 

Siccative rosin oil, 147. 

Sicilian turp«, 65. 

Sienna, burnt, 395. 

— raw, 411. 

Sierra Leone copal, 4.50-2. 

Silk, improving lustre, 854. 

— insulation, varnish for, 877-8. 
Silver fir, 49-51. 

— leaf, 254. 

Sing, P., on Burmese lac, 259. 

Slow process of rosin distilling, 182. 
Sludge petroleum flash-jxiint, 480. 
Smell of solvents, 1, 2. 

removing bad, 2, 20. 42. 

Smokeless powder, 174. 

Soap, 851, 897. 

Soda and acid, alternate treatment 
refining coal-tar naphtha, 11. 

— crystals, 898. 

— refining rosin oil by, 142-9. 
spirit by, 142. 


Sodium, dehydration of alcohol by, 30. 

— acetate, 35. 

— carbonate, 362. 

and caustic soda solutions, extrac- 
tion by, of ethereal solutions 
of — 

Benzoin, 193. 

Canada balsam, 47. 

Manila copal, 261. 

Mastic, 270. 

Sandarach, 278. 

Strasburg turpentine, 50. 
Venice turpentine, 56. 

— refining turps by, 176. 

Solubility in water of varnish solvents, 
comments on, 1,2. 

— of ceresin in various solvents, 4. 

— of dammars, 199, 201, 203, 205-6, 

208-11, 444 et seq. 

— of dragon’s blood, 218, 444 et seq. 

— of elenii, 216-7, 444 ef seq. 

— of gamboge, 222-8, 444 ct .saj. 

— of grass-tree gum, 286, 444 et seq. 

— of java copal, 284, 444 et seq. 

— of Manila, 262, 444 et seq. 

— of ma‘>tic, 269, 444 et seq. 

— of resins, 443-5, 444 et seq. 

— of sandarach, 278, 444 et seq. 

— of shellac, 807, 444 et sc|/. 

Solvent capacity of sol^ent^, 1, 8, 7, 8, 9, 
13-5, 17. 

— naphtha, 19, 97, 98, 113. 

Spanish aleppo pine oil, (>5. 

— roMii, 116. 

I Spermaceti, 352, 382, 395. 480. 

I Spike, oil of, 889. 

Spirit, methylated, 82. 

, — wood, see Methyl Alcohol. 

Spirit varnish dyes, 325, 857. 

Black, 329, 858, 897, 412-5. 

Blue, 325, 827-8. 

Brown, 897, 414-5. 

Green, 825-8, 857-8. 

PurjAe, 415. 

; Jied, 821-5, 857, 407-9, 418-5. 

Ruby, 857. 

I Scarlet, 357, 415. 

. Violet, .329, 357, 410, 414-5. 

; Yellow, 322-7, 357, 897. 
i Spirit varnishes : — 
i Acidity of, 437. 

I Analysis of, 420, 464. 

Density of, 485. 

Distillation of, 489-41. 

I Drying of, 420. 

Evaporation of, 1. 

I Films, testing, 421. 

Flash-point of, 425-84. 

, Spirit varnishes coloured ; — 

! Black, 829, 350-2, 85K, 869-70, 879, 382, 
in ' 385, 892, 896-9, 407, 412-5. 

! Blue, 357, 893, 414. 

I Brown, 357, 897, 410, 414. 
j Gold bronze, 378. 

I Golden, .399. 



GENEBAL INDEX. 


477 


Spirit varnishes coloured {contimied) : — 
Green, 857, 85S, 397, 413-4. 

Red, 857. 397, 3J9, 414. 

Scarlet, 357. 

Violet, 357, 358, 41.3-4. 

Yellow, 357, 399, 407-9, 414. 

Spirits of turpentine (turps) constants: — 
Aciditj’, 109-10. 

Boiling-point, 82-95, 98, 103. 

Bromine addition and substitution 
products, 98, 107-8. 

Composition, 150. 

Density, 95-G, 98, 103. 

Evaporation residues, J. 

Flash-point, 430. 

Iodine value, 107. 

Miscibility with castor oil, 98. 

— with piienol, 98. 

Optical rotation, 98-103. 

Refraction index, 101-3. 

Solvent capacity, 1. 

Sources, 48-5. 

Tests : — 

Boehmo's bromine test, 10 (». 
Burton’s test for petroleum, 103. 
Colour reactions for impurities, 97, 
108-9. 

Conradson’s glacial acetic acid test, 
100 . 

Dunwoodv’s glacial acetic acid test, 
100 

Kustache’s and Veze’s test for 
Rosin, 109. 

Grimaldi’s colour test, 108-9. 
Herzfeld’s test, 104 
Meline’s refractoinetric tost, 102-8. 
Richardson’s thermal bromine test, 
107. 

Schreiber’s bromine test, 108. 
Turner’s test, 104-5. 

Utz’ tests, 101-2, 

Zeische’s bromine value, 100. 
Spruce fir, Ahxcs. 

Stannic cliloride (and bromide) test for 
rosin oil, 149. 

Steam stills . — 

Alcohol, 15, 28-33. 

Benzol, 11 - 8 , 

• Coal-tar naphtha, 12. 

Toluene, 17-S. 

Turpentine, 87-92. 

Xylene, 18. 

Stearic acid, 304, 395. 

Stearinc jntcli, 379. 

Stick "iac, 292 ct seq. 

Stock liolm tar, 90, 445. 
Storch-Liebcrmauu reaction, 150. 
Storax; 451-2, 450. 

Storing oloo-resin, 70. 

Straining oleo-resm, 70, 79. 

Styracin, 189, 190. 

Sti/ra.v benzoin, Dryander, 185. 

Styrol, 189. 

Sublimation of benzoic acid, 188-9. 

— camphor. 107. 


Submarine cables, 376. 

Succinic acid, 73. 

Sugar of lead, sec Lead Acetate. 
Sulphurous acid, colour tests for turps, 97. 
Sumaresino-tannol, 192. 
Sumaresino-tannol cinnamate, 193. 
Sumatra benzoin, 185-93, 405, 408. 
Sunlight bleaching of rosin oil, 147. 
Sulphite solution, iOO. 

Syrian asphaltum, 349. 

T. 

Tacchardia lacca, lac cochineal, 285-91. 
Talc, 379. 

Tallow, 351. 

Tar, 430. 

— coal, 350-1. 

— Stockliolm, 90, 350, 445. 

— wood, 172-84. 

Tea oil, 254. 

Tears of mastic, 208. 

Terebene, 133. 

Terpene hydrate, 155. 

Terpenes, 112, 151-100, 174. 

Terpentine, Spirits of, see Spirits of 
Turpentine. 

Terpinene, 152, 154-5, 307. 

— nitrosite, 152. 

Terpineol, 152, 165, 109, 175, 300. 

— acetate, 109. 

— in varnish-making, 367-8. 

— nitranilide, 180. 

— nitropiperide, 180. 

! — nitrosochloride, 180. 
j — varnishes, 307. 

Terpinolene, 152-4. 

I Tetrachlorethaue, 24-6. 

Theory of turpentine distillation, 81 et 
seq. 

Thermal reaction of turps with bromine, 
107. 

Thio flaviiie, 413. 

Thuya Articulata , 272. 

Tin perchloride colour test for rosin oil, 
149. 

Tinned vessels for CCI 4 , 23. 

Tolu, 17, 24, 209, 383-4, 404. 

Toluene still, 17. 

Toluidine, 430. 

Travancore, piney resin of, 204-0. 
Trinidad pitch, 445 51. 

1 Tung oil, 254. 

J Turbidity of solvents, 1 . 

I — of rosm varnish, 387. 

I Turmeric, 324, 397, 408. 414, 418. 

I Turpentine oleo-resins . — 

1 American, 00-3. 

, Canada balsam, 45-9. 

I French, 43, 74. 
i Oregou balsam, 49. 

! Russian, 43, 172-3. 
i Strasburg, 43, 49-51. 

1 Venice, 43, 51-8. 

1 Turpentine oleo-resin, distillation of 
' spirits by tire heat, 81-7. 
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Turpentine oleo-resin, fire distillation 
from {a) crude oleo-resin, 
81. 

(5) purified oleo-resin, 81. 

by steam heat, 87-92. 

(a) in vacuo, 82. 

(b) under pressure, 137. 

Turpentine substitutes : — 

Analysis of, 111-2. 

Boiling-points, 111-2. 

Densities, 112. 

Flash-points, 112. 

Fractional distillation, 112. 

Iodine value, 112. 

Polymerization residues, 112. 

Recipes, 113. 

Refractive indices, 101-3, 112. 

Tests. 97, 98. 

U. 

Uganda elemi, 217. 

Ultramarine blue, 401. 

Umber, 411. 

Urushiol, 246, 249. 

V. 

Vacuum rosin still, 130. 

Valerian, essence of, 159, 168. 

— Japanese, 159. 

Valeiic acid, 149. 

Valuation of rosin, 115-8. 

— of turpentine ol6o-re^in, 75. 

of turps by acid value, 109. 

— cf varnish, 420 ft seq. 

Vanilla, see Vanillin. 

Vanillin, 188, 194,^286. 

Vnteria iuchcci, 197-8, 204. 

— vialabmica, 204. 

Vainish (spirit) cliurns, 887-40. 

— colour of, 347. 

— (spirit) filters, 841-6. , 

Varnish -making spirit, see Spirit 

Varnishes. 

Vaseline, 850. 

Venice turpentine, 51-8, 850-2, 371, 886- 
7, 402, 417-8, 444-5, 452. 

artificial, 54, 55, 59. 

Vermilion, 242-54. 

Vesuvian yellow, 325. 

Victoria blue, 825. 

— yellow, 325. 

Violette’s turps stills, 89. 

Virgin dip, 62. 

— wax, 381 
Viscometer, 428-5. 

Viscosity of rosin in alcohol, 486. 

— of solvents, 1, 5, 464. 

— of varnishes, 423-5, 468. 

Vitriol, blue, 379. 

— green. 879. 

Vulcanite, 24. 

W. 

Walnut, 394. 

Wagon-grease, quality of rosin oil, 128. 


] Water varnishes, rosin, 388. 

shellac, 392-5. 

Water-white rosin, 115. 

— detection in alcohol, 31. 

in oleo-resins, 76-8. 

Wax, 350-1. 

— bees’, 370, 381, 394-5, 409. 

— cloth, Afridi, 351. 

' — Japanese, 241. 

— paraffin, see Paraffin Wax. 
t — shellac, 305, 308-11. 

Whisky flash-point, 430. 

White Angola copal, 360, 444. 

— dammar, 204. 

— kauri, 211. 

— lead, 411. 

— j)itch, 06. 

— spirit, 108. 

— wax. 350. 

Wi]-’ iodine solution, 313-4. 
Window-glass rosin, 115. 

Wood-cresote, 182-4. 

— naphtha, 393. 

— spirit acetone from, 7. 

see diethyl Alcohol. 

— tar, 172-84. 

, — turpentine, 172-82. 

— vinegar, 172. 

X. 

Xanihiverluvii arhyrea^ 456. 

— Aiisirohs^ 285. 

— hustihs^ 235-G. 

— fju(i(lrav(jnUn'^s, 456. 

— resin, 286. 

Xautiio-resino tannol, 236. 

X^lenc^ 3. 4, 18-9, 68, 174, 269-70, 274, 
277. 430. 464. 

— oitho, lH-9 ; metaxylene, 18-9, 464; 

parax>k’ue, 18-9. 

X\lidine. 480. 

X}lidinic acid, 22. 

Y. 

Yellow accroidcs, 285, 237, 449, 

— d;>es for spirit \arnishes, 822 7, 857, 

399, 407-9, 414. 

— rosin, 89. 

— spirit enamels, 410-1. 

— — varnishes, 357-8, 413, 414. 

; — wax, 395, 443. 

Yucatan elemi, 219. 

I Z. 

' Zanzibar copal, 26, 233, 445, 449, 450, 

1 452. 

Zapon, 8, 353. 

Zinc dust on rosin, 118. 

I on sandaracolic acid, 275. 

I — — on terpene monohydrocliloride, 
1 168. 

. — metal, action of CClj on, 24. 

! — oxide, 347. 
i Zizypkus jvjvha, 290, 304. 
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A, Bronze-blue boot water varnishes, 393. 

I — “gold” varnish vehicle, 372-3. 

Acid-free liquid bronze varnish, 372-3. j — shellac spirit varnish for iron, 409. 

A German furniture polish, 40G. | — varnish for metals, 410. 

Aluminium cycle enamel, 357. Brown hard spirit varnish, 391-2. 

Amber spirit varnishes, 348. — lacquers, 414. 

Ammonia varnishes, 392-3. ; — polish, 402. 

Angola copal spirit varnishes, 3G9. — varnish for metals, 397. 

Antiseptic water varnish for walls, 393. ; 

Asphaltum compositions for use in etch- C. 

ing, photozincography, copper- 
plate woik, engraving on stone. Celluloid varnishes, 354-8. 
etc,, 357. I Cements for rubber and gutta-percha, 

— mordant for etching on glass, 350. ' 375. 

— resist varnish for etching on glass in , Cerulline, 380-2. 

an acid-bath, 350. ' Coffee box “shellac ” varnish, 409. 

— surface varuisli for etching, 352. Coffin varnish, 309. 

— varnishes, 349, 350, 351, 352. Collodion negative varnish, 408. 

for engraving on glass, 350. — varnishes, 352-4. 

— varnish for etching, 350. , — varnish for negatives, 353. 

— — lor microscopic work, 352. Common French polish, 403. 

for wooden vessels, 351. — polish, 403. 

to protect iron fiotii hydrochloric — shellac varnishes, 390. 

acid, 352. Complex waterproof eggshell -gloss var- 

A very durable varnish, 3G3. msli for wood, 374. 

, Continental bookbmder^' varnishes, 415. 
Copal spirit varnishes, 358-71. 

varnish for leather, 370. 

Benguela copal spirit varnish, 369. | for pale wood, 370. 

Best French polish. 403. Crimson lacquers, 415. 

— saudaracli white hard spirit varnish. Crystal varnish for photographic nega- 

390. tives, 393. 

— white hard spirit varnish, 300. Cycle varnishes and enamels, 357, 407. 

Blackboard varnisli, 401. 

Black ebony varnish, 394-407. D. 


— lacquers, 414. 

— leather spirit varnisli es, 349-52, 358, 

369, 370, 382, 384, 385, 393-7, 398, 
406-7. 

— polish, 407. 

for patent leather, 398. 

— shoe varnish, 397. 

— spirit varnish for baskets, 412. 

— strtWkV bat polishes, 413. 

— varnish, 418. 


Dammar spirit varnishes, 371. 

Dark brown polish, 402. 

— polish, 402. 

Dead black celluloid varnish for wood, 
358. 

shellac varnish for leather, 397. 

Deep black spirit copal leather varnish, 
369. 

— blue lacquer, 415. 


— — for patent leather, 397-8. 
Blue lacquers, 414. 

— niEirquetry stains, 394. 

Borax stiffening for hats, 393. 
Borneo copal spirit varnishes, 369. 
Bright green straw hat polish, 413. 

— pink lacquers, 415. 

Brilliant leather varnish, 397. 


1 E. 

I Ebony marquetry stain, 394. 

I — polish, 4U7. 

* Elastic varnish for photos or curved 
1 surfaces, cameos, cups, saucers, 353. 
' Enamel spirit varnishes, 410-1. 
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Enamel varnishes for white and deli- 
cate colours, 381, 411. 

Enamels for machinery, 410. 

\ Extra white label varnishes, 309. 

F. 

Earner's nitro-cellulose varnish, 353. 
Pine brown basket varnish, 412. 
Flexible dull varnish for metals, leather, 
wood, 385, 417. 

— sandarach spirit varnish, 388. 

Floor polish, 394-5. 

— varnish, 402. 

— wax recipes, 395. 

French polish, 401, 402, 403, 40G. 
Furniture \arnish, 404. 406-7, 418. 

G. 

Gawalowsky's matt varnish, 383. 
German polishes, 404-5. 

Gilt cornice lacquer, 408. 

Gold bronze varnish, 372-3. 

— varnish for opticians. 418. 

Golden beetle lacquer, 408, 

— shellac laccjuer for metals, 399 
Green cnamelN. 411. 

— lacquers, 414. 

H. 

Halle’s collodion varnish, 353. 

Harness polish, sclf-shmiug, 898. 

Horn’s French polish. 405. 

Hugue’s completely colourless matt var- 
nish. 384. 

I. 

Imitation gutta-percha, 37G. 

— Nubian blacking, 398. * 

Insulating copal spirit \ariiish, 380. 

— varnish for low-ien.sioii currents, 371 

— varnishes, 370. 

Iridescent bronze varnishes, 397. 

Iron, bronze shellac spirit varnish fo 

409. 

j- 

Jet black China varnish. 397. 

elastic varnish for leather, 398. 

L. 

Label varnishes, 309, 412. 

Leather spirit varnishes, 349 52, 351 
369, 370, 382, 384-5, 398, 4UG-7. 

— to fasten on gutta-percha, 375, 

— to fasten two surfaces of, 375. 

— water varnish, 392-3. 

Light orange shellac varnish, 409. 
Linolcic acid manufacture, 360-7. 


I M. 

Mahogany marquetrv stains, 394. 

I — polish, 407, 417. ‘ 

I — straw hat polish, 413. 

I Manila copal spirit varnishes, 369. 

1 Maple marquetry stain, 394. 

‘ Maroon straw hat polish, 413. 

, Matt spirit varnishes, 382-5. 

for metals, 383. 

— for wood, metals, and iion-por- 

. ous materials, 385. 

Medium orange shellac varnish, 409. 
Megilp, 380, 405. 

Moody’s polish, 40f). 

N. 

Negative varnish, 388. 

— water varnish, 3i)3. 

Non-oxidizablc bronze varnish, 353. 
Nubian blacking, 39G. 

O. 

Oak mar(|iietr\ stain, 394. 

Orange laciiuer, 407-15. 

Ordiiiar} leather varnish, 39G. 

P. 

Pale brown polisli, 402. 

— polish, 402. 

Patent knotting, 402. 

Photographers' crystal varnish, 354. 

— dammar \arnish, 372. 

— matt varnisli, .184 

— spirit varnishes, 4 15-0. 

Picture-frame varnishes, 384. 

Piiiewood inanjuetrv stain, 394. 
Polishes, 401-9. 

Purple lacquers. 115. 

Q 

Quick-drying copal varnisli for baskets, 
412. 

R. 

Real English leatlu'r iiohsh, black, 392. 
Red lacquer, 414. 

— marquetry stains, 394. 

— shellac lacquer for white iiudals, 399. 
Rob’s basis spirit varnislies, 407'8. 

— black matt varnish, 882. 

— matt varnishes, 882. 

Re-touehing spirit varni.sli, 409. ‘ 
Rosewood marquetry stain, 391. 

Rosin spirit varnishes, 380-7. 

Rositi water \arnishes. 388. 

Ruhljer eement for glass to adhere to 
other surfaces, 370 

— cementing, 370. 
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Bubber shoes, cement for repairing, 
375. 

— to attach to metal, 875. 

S. 

Sandaracli brown hard spirit, 392. 

— spirit varnishes, 388-92. 

— white hard spirit, 390-1. 

Scarlet lacquers, 415. 1 

Schefold’s negative varnish, 409. I 

Sculpture varnish, 418. I 

Sensitized collodion, 354. 

Shellac spirit varnishes, .395-419. 

for leather, 397-9. 

— water varnishes, 392-4. 

Sierra Leone copal spirit varnish, 
3G9. 

Straw hat polishes, 413. 

T. 

To prevent humidity on a painting on 
glass, 394. 

Tuschel’s varnisli compositions for fine 
furniture, 405. 

U. 

Unintlammable glaze for paper, 355. 

— liquid spirit copal varnish, 370. 
Universal bronze lacquer, 358. 

— varnish, 40S. 

V. 

Valenta’h negative varnish, 388. 
Varnishes for : — 

Artificial flowers, 357. 

Hasketware, 412. 

Billiards, 406. 

Black and white drawings, 390. 

— enamel, 411. 

Blackboards, 401. 

Blue enamel, 411. 

Bookbinding, 348, 389, 390, 396, 398, 
402, 415. 

Brass, sec coloured lacquers, 414 ; gold ! 

shellac, 399. 

Bronze (alloy), 409-10. 

— powder, vehicle, 353, 372-3. 

Brown enamel, 411. I 

C'ameoK, 353. 

(’at)sules, 353, 396. ; 

Cardboard, 380. 388. 1 

Carved cabinet work, 404. ! 

Cement, enamel for, 380-92. ' 

Chairs, 389 ; see Furniture Varnishes, i 
Coffee boxes, 409. 

Coffins, 369. ' 

Collodion process, 353. ! 

Coloured prints, 417. 

Copper, 400. 


Varnishes for [continued ) ; — 

Copper plate process, 362. 

engravings, 389, 410. 

Crayon drawings, 414. 

Cycles, 407. 

Cups, 353. 

Dolls, .384. 

Enamels, 410, 411. 

Engravings on glass, 350. 

Etching, 350-2. 

Fancy goods, 404. 

Fans, 389. 

Flexible articles, 388-9. 

Floors, 370, 393, 394-5. 

Foil-paper, 857. 

Furniture, 404, 406-7, 418. 

Gilt cornices, 407. 

Glass, 385, 394. 

Green enamel, 411, 414-5. 

Grey enamel, 411. 

Harness, sec Leather Varnishes. 

Hat stiffening, 393. 

House de oration, 348-9. 

Illumination effects, 357. 

Illustrations, 414. 

Insulating purposes, 376-80. 

Iridescent effects, 397. 

Iron, 409. 

Iron drums, 387. 

— to protect against HCl, 352. 
Jewellery, 400. 

Labels, 388. 

Lamps, electric bucket, 382. 

Leather, 349, 352, 358, 369, 370, 382, 
384, 385, 388, 392-3, 396-9. 
Lithography, 350-2. 

MachiiieTy, 410-1. 

Mahogany, 417. 

]\rarquetr>% 394. 

Metals, 348, .357, 372, 383, 385, 388, 
395-9, 4(W. 

Micro*;opic work, 394, 408. 

Musical instruments, 418, 419. 
Negatives, 384, 388, 393. 

Oil paintings, 3S9. 

Optical instruments, 368, 408. 
Paintings, 389. 

Paper, 355, 385, 390, 404, 408. 

— screens, 404. 

Papier raache,',38S. 

Pencil drawings, 414. 

Piiotogmphic purposes, 348-53, 374, 

384, 409, 415-6. 

Picture-frames and moulds, 384. 
Pictures, 880. 

Polished copper, 391. 

Red enamels, 411. 

Re-touching, 400. 

Scenic effects, 357. 

Sculpture, 390, 40S. 

Silver, 390. , 

Sounding boards, 390. 

Stained glass, 357. 

Steel, 357, 391. 
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Varnishes for {continued ) : — 

“ Straw ” hats, 407. 413. 

Tables, see Furniture. 

Tin-foil, 357. 

Toys, 387. 

Turnery, 388. 

Wallpaper, 394. 

Walls, 393. 

Water-coloured drawings, 3S0, 388, 
b90. 

Waterproof goods, 355. 

White metals, 399. 

Wicker work, 412. 

Wood, 385, 388, 407. 

Visiting card matt varnihli, 84. 

Violet lacquer, 414. 

— straw hat polish, 413. 

Violin varnish, 418. 

Von Balias’ leather, 397. 


W. 

Walnut marquetry stain, 394. 

Washable wallpaper varnish, 394. 
Water varnish for floors, 390. 

coloured, 391. 

Waterproof spirit black varnish for 
leg^ngs, 396. 

— varnish for leather, 393. 

I White hard spirit varnish, 390-1. 

I — polish, 402, 407. 

— shellac varnish, 409. 

I — spirit varnish for basket 412. 


; Yellow birch marquetry stain, 394. 

, — lacquer, 414-5. 

, — polish, 407. 

— shellac lacquer for white metal, 399. 
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(Paints, Colours, Pigments and 
Printing Inks.) 

THE CHEMISTRY OP PIGMENTS. By Ernest J. 
Parbt, B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Cobte, F.I.C., 
F.C.S. Demy 8vo. Five Illustrations. 285 pp. Price 10s. 6d. 
net. (Post free, 11s. home ; 11s. 2d. abroad.) 

THE MANUFACTURE OP PAINT. A Practical 

Handbook for Paint Manufacturers, Merchants and Painters. 
By J. Cruickshank Smith, B.Sc. Second Edition, Revised and 
Enlarged. Demy 8vo. 288 pp. 80 Illustrations. Price 10s. 6d. 
net. (Post free, 11s. home ; 11s. 2d. abroad.) 

DICTIONARY OP CHEMICALS AND RAW 
PRODUCTS USED IN THE MANUFACTURE 
OP PAINT^ COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By George H. Hurst, 

F.C.S. Demy 8vo. 370 pp. Second Revised Edition. Price 
10s. 6d. net. (Post free, 11s. home ; 11s, 2d. abroad.) 

THE MANUFACTURE OP LAKE PIGMENTS 
PROM ARTIFICIAL COLOURS. By Francis H. 
Jennison, F.I.C., F.C.S. Sixteen Coloured Plates, showinR 
Specimens of Eigrhty-nine Coioure, specially prepared from 
the Recipes s^iven in the Book. 136 pp. Demy 8vo. Price 
7s, 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

THE MANUFACTURE OP MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manu- 
facture of all Artificial, Artists and Pajjitcrs’ Colours, Enamel, 
Soot and Metallic Pigments. A text-book for Manufacturers, 
Merchants, Artists and Painters. By Dr. Josef Bbrsch. 
Translated by A. C, Wright, M.A. (Oxon.), B.Sc. (Lond.). Forty- 
three Illustrations. 476 pp. Demy 8vo. Price 12s. 6d. net. 
(Post free, 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, 
OIL, SOAP AND DRYSALTERY TRADES. 

Compiled by An Analytical Chemist. 330 pp. Second Revised 
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. {Post 
free, 11s. home ; lls. 2d. abroad.) 

OIL COLOURS AND PRINTERS’ INKS. By Louis 

Edgar Andes. Translated from the German. 215 pp. Crown 
8vo. 56 Illustrations. Price5s.net. (Post free, 5s. 4d. home 
and abroad.) 
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MODfiRN PRINTING INKS. A Practical Handbook 

for Printing Ink Manufacturers and Printers. By Alfred Sey- 
mour. Demy 8vo. Six Illustrations. 90 pages. Price 5s. net. 
(Post free, 5s. 4d. home and abroad.) 


THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By 
A. Desaint, Artistic Interior Decorator of Paris. The book con- 
tains 100 folio Plates, measuring 12 in. by 7 in., each Plate con- 
taining specimens of three artistic shades. These shades arc all 
numbered, and their composition and particulars for mixinp are 
fully given at the beginning of the book. Each Plate is inter- 
leaved with grease-proof paper, and the volume is very artistic- 
ally bound in art and linen with the Shield of the Painters’ Guild 
impressed on the cover in gold and silver. Price 21s. net. (Post 
free, 21s. 7d. home; 22s. 2d. abroad.) 


HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eight\ -eight Illustrations. 150 pp. Crown 
8vo. Price 3s. 6d. net. (Post free, 3s. lOd. home and abroad.) 

A HISTORY or DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price 
Is. net. (Post free, Is, 4d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, 

Paperhangers, and Others. By W. N. Brown. Crown 8vo. 
128 pp. Second Edition. Price 2s, 6d. net. (Post free, 2s. lOd. 
home and abroad.) 

CASEIN. By Robert Scherer. Translated from the 
German by Chas. Salter. Demy 8vo. Illustrated. Second 
Revised English Edition. 160 pp. Price 7s. 6d. net. (Post free, 
8s. home and abroad.) 

SIMPLE METHODS FOR TESTING PAINTERS’ 
MATERIALS. By A C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). Crown 8vo. 160 pp. Price Ss. net. (Post free, 
5s. 4d. home and abroad.) 

tRON-CORBOSION, AKTI-FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German 
of Louis Edgar Andes. Sixty-two Illustrations 275 pp. 
Demy 8vo. Price lOs. 6d. net. (Post free, 11s. home and 
abroad.) 


For contents of these books^ see List J. 
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THl! TSSTING AND VALUATION Of SaW 
MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE. By M. W. Jones, RC.S, A 

Book for the Laboratories of Colour Works. 88 pp. Crowli 8vo. 
Price 5s. net. (Post free, 5s. 4d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE 
MERITS OP WHITE LEAD AND ZINC WHITE 
PAINTS. By G. Petit, Civil Engineer, etc. Trans- 
lated from the French. Crown 8vo. . 100 pp. Price 4s. net. 
(Post free, 4s. 4d. home and abroad.) 

PREPARATION AND USES OF WHITE ZINC 
PAINTS. Translated from the French of P. Fleury. 
Crown 8vo. 280 pages. Price 6s. net. (Post free, 6s. 5d. home ; 
6s. 6d. abroad.) 


(Varnishes and Drying Oils,) 

THE MANUFACTURE OP VARNISHES AND 
KINDRED INDUSTRIES. By J. Geddes McIntosh. 
Second, greatly enlarged, English Edition, in three Volumes, 
based on and including the work of Ach. Livache. 

Volume I.— OIL CRUSHING, REPINING AND 
BOILING, THE MANUFACTURE OP LINO. 
LEUM, PRINTING AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy 8vo. [Revised Edition in preparation. 

Volume II.— VARNISH MATERIALS AND OIL- 
VARNISH MAKING. Demy 8vo. 70 Illustrations. 
220 pp. Price 10s. 6d. net. (Post free, lls. home and abroad.) 

Volume III— SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. Demy 8vo. Illustrated. 

464 pp. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 2d. 
abroad.) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. And^s. Expressly 

Written for this Series of Special Technical Books, and the 
• Publishers hold the Copyright for English and Foreign Editions. 
Second Revised Edition. Forty-three Illustrations. 352 pp. 
Demy 8vo. Price 12s.6d.net. (Post free, 13s. home; 13s. 6^ 
abroad.) 


{Analysis of Resins^ see page 9.) 
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(Oils, Fats, Waxes, Greases, Petroleum.) 

LUBRICATING OILS, FATS AND GREASES : 

Their Origin, Preparation, Properties, Uses and Analyses. A 
Handbook for Oil Manufacturers, Refiners and Merchants, and 
the Oil and Fat Industry in General. By George H. Hurst, 
F.C.S. Third Revised and Enlarged Edition. Seventy-four 
Illustrations. 384 pp. Demy 8vo. Price 10s. fid. net. (Post 
free, 11s. home ; 11s. 2d. abroad.) 

MINERAL WAXES: Their Preparation and Uses. 3y 
Rudolf Gregorius. Translated from the German. Crown 8vo. 
250 pp. 32 Illustrations. Price fis. net. (Post free, fis. 5d. 
home ; fis. fid. abroad.) 

THE PRACTICAL COMPOUNDING OP OILS, 
TALLOW AND GREASE FOR LUBRICA- 
TION, ETC. By An Expert Oil Refiner. Second 
Edition. Demy 8vo. 100 pp. Price 7s. fid. net. (Post free, 
7s. lOd. home ; fis. abroad.) 

THE MANUFACTURE OP LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition. 
Second English Edition. Crown 8vo. 188 pp. 10 Illustrations. 
Price 7s. fid. net. (Post free, fis. home and abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL 
TRADE READY RECKONER. Compiled by 

Frank F. Sherriff. Second Edition Revised and Enlarged. 
Demy 8vo. 214 pp. With Two Sheets of Tables. Price 7s. fid. 
net. (Post free, fis. home ; fis. 2d. abroad.) 

ANIMAL PATS AND OILS: Their Practical Pro- 
duction, Purification cand Uses for a great Variety of Purposes. 
Their Properties, Falsification and Examination. Translated 
from the German of Louis Edgar Andes. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy 8vo. 
Price 10s. fid. net, (Post free, 11s. home and abroad.) 

VEGETABLE PATS AND OILS: Their Practical 

Preparation, Purification and Employment for Various Purposes, 
their Properties, Adulteration and Examination. Translated 
from the German of Louis Edgar Andes. Ninety- four Illus- 
trations. 340 pp. Demy 8vo. Third Revised Edition. Price 
128. fid. net. (Post free, 13s. home ; 13s. 2d. abroad.) 

EDIBLE FATS AND OILS: Their Composition, Manu-" 

facture and Analysis. By W. H. Simmons, B.Sc. (Lond.), and 
C. A. Mitchell, B.A. (Oxon.). Demy 8vo. 150 pp. Price 
7s. fid. net. (Post free, 7s. lOd. home and abroad.) 

For contents of these hooks^ see List I. 
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(Glycerine.) 

GLYCERINE : Its Production, Uses, and Examination. 
By S. W. Koppe. Translated from the Second German Edition. 
260 pp. 7 Illustrations. Crown 8vo. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 


(Essential Oils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND 
ARTIFICIAL PERFUMES. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S. Second Edition, Revised and 
Enlarged. 552 pp. 20 Illustrations. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. Id. home; 13s. 8d. abroad.) 


(Soap Manufacture.) 

SOAPS. A Practical Manual ol the Manufacture of 
Domestic, Toilet and other Soaps. By George H. Hurst, F.C.S. 
2nd edition. 390 pp. 66 Illustrations. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 2d. abroad.) 

TEXTILE SOAPS AND OILS. Handbook on the 

Preparation, Properties and Analysis of the Soaps and Oils used 
in Textile Manufacturing, Dyeing and Printing. By George 
H. Hurst, F.C.S. Second Edition, Revised and partly re- 
written by W. H. Simmons, B.Sc. (Lond.). Demy 8vo. 200 pp. 
11 Illustrations. Price 7s. 6d. net. (Post free, 8s. home and 
abroad.) 

• 

THE HANDBOOK OF SOAP MANUFACTURE. 

By Wm. H. Simmons, B.Sc. (Lond.), F.C.S., and H. A. Appleton. 
Demy 8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post 
free, 9s. home and abroaji.) 


(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
'• AND TESTING OF ALL COSMETIC 
MATERIALS AND COSMETIC SPECIALITIES. 

• Translated from the German of Dr. Theodor Roller. Crown 
8vo. 262 pp. Price 5s. net. (Post free, 5s. 5d. home; 5s. 6d. 
abroad.) 
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(Glue, Bone Products and Manures,) 

QLUE AND GLUE TESTING. By Samuel Rideal 

D.Sc. (Lond.). Second Edition, Revised and Enlarged. Deiti) 
8vo. 196 pp. 14 Illustrations. Price 10s. 6d. net. (Post free 
11s. home and abroad.) 

BONE PRODUCTS AND MANURES : An Account 

of the most recent Improvements in the Manufacture of Fat, 
Glue, Animal Charcoal, Size, Gelatine and Manures. By Thomas 
Lambert, Technical and Consulting Chemist. Second Revised 
Edition. Demy 8vo. 172 pages. 17 Illustrations. Price 7s. 6d. 
net. (Post free, 8s. home and abroad.) 

{Sec also Chemical Manures, />. 9.) 

(Chemicals, Waste Products, etc.) 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELE. First Published in English in 1786. 
Translated from the Academy of Sciences at Stockholm, with 
Additions. 300 pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d. 
home and abroad.) 

THE MANUFACTURE OP ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA 
AND IRON. Their Uses and Applications as Mordants 
in Dyeing and Calico Printing, and their other Applications in 
the Arts, Manufactures, Sanitary Engineering, Agriculture and 
Horticulture. Translated from the French of Lucibn Gesch- 
WIND. 195 Illustrations. 400 pp. Royal 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; I3s. 2d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manu- 
facture and Uses. By Camille Vincent, Professor at the 
Central School of Arts and Manufactures, Paris. Translated 
from the French by .M. J. Salter. Royal 8vo. 114 pp. Thirty- 
two Illustrations. ^Price 5s. net. (Post free, 5s. 5d. home; 
5s. 8d. abroad.) 

CHEMICAL WORKS: Their Design, Erection, and 
Equipment. By S* S. Dyson and S. S. Clarkson. Royal 8vo. 
220 pp. With 9 Folding Plates and ^0 Illustrations. Price 218. 
net. (Post free, 21s. 6d. home ; 21s» lOd. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied to 

the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral 
Products. By E. Prost, D.Sc. Translated by J. Cruickshank 
Smith, B.Sc. Royal 8vo. 300 pages. 44 Illustrations. Price 
lie. Sd. net, (Post free, 13s. home ; 13s. 4d. abroad.) 

TE STIN G OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. CT. 
Krauch. Royal 8vo. 350 pages. Price 128. 6d. net. (Post free, 
13s. home ; 13s. 4d. abroad.) 

For contents of these books^ see Ltist /. 
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SHALE OILS AND TARS and their Products. By 

Dr. W. Scheithauer. Translated from the German. Demy 8vo. 
190 pages. 70 Illustrations and 4 Diagrams. Price 8s. 6d. net. 
(Post free, 9s. home and abroad.) 

THE BY-PRODUCTS OP COAL-GAS MANUFAC- 
TURE. By K. R. Lange. Translated from the German. 
Crown 8vo. 164 pages. 13 Illustrations. Price 5s. net. (Post 
free, 5s. 4d. home and abroad.) 

INDUSTRIAL ALCOHOL. A Practical Manual on the 

Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an Illuminant and as a Source of 
Motive Power. By J. G. McIntosh. Demy 8vo. 1907. 250 pp. 
With 75 Illustrations and 25 Tables. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 

THE UTILISATION OP WASTE PRODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all kinds. By Dr. Theodor Koller. Trans- 
lated from the Second Revised German Edition. Second English 
Revised Edition. Demy 8vo. 336 pp. 22 Illustrations. Price 
7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

ANALYSIS OP RESINS AND BALSAMS. Trans- 
lated from the German of Dr. Karl Dieterich. Demy 8vo. 340 
pp. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

DISTILLATION OF RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS FOR TYPEWRITING MACHINES, 
MANIPOLDERS, ETC. By Victor Schweizer. 

Demy 8vo. 220 pp. 68 Illustrations. Price 10s. 6d. net. (Post 
free, 11s. home; 11s. 2d. abroad.) 

DISINFECTION AND DISINP^ECTANTS. By M. 

Christian. Translated from the German. Crown 8vo. 112 
pages. 18 Illustrations. Price 5s.net. (Post free, 5s. 4d. home 
and abroad.) 

(Agricultural Chemistry and Manures.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C., Late Lecturer on Agricultural Chemistry, 
the Leeds University ; l.«cturer in the Victoria Unifersity. 
Third and Revised Edition. 400 pp. 16 Illustrations. Demy 
• 8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

CHEMICAL MANURES. Translated from the French 
of J. Fritsch. Demy 8vo. Illustrated. 340 pp. Price 10s. 6d, 
net. (Post free, 11s. home ; 11s. 2d. abroad.) 

(Sw also Bone Products and Manures^ p. 8.) 
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^ (Writing Inks and Sealing Waxes.) , 

INK MANUFACTURE : Including Writing, Copying, 

Lithographic, Marking, Stamping and Laundry Inks. By 
Sigmund Lehner. Translated from the German of the Fifth 
Edition. Second Revised and Enlarged English Edition. 
Crown 8vo. 180 pages. Three Illustrations. Price 5s. net. (Post 
free, 5s. 4d. home and abroad.) 

SEALING-WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 

Crown 8vo. 96 pp. Price 5s. net. (Post free, 5s. 5d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 

Technical and Consulting Chemist. Demy Svo. 226 pp. Forty 
Illustrations. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

NOTES ON LEAD ORES : Their Distribution and Pro- 
perties. By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Price 
Is. net. (Post free, Is. 4d. home and abroad.) 

(White Lead and Zinc White Paints^ see />. 5.) 

(Industrial Hygiene.) 

THE BISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A. Parry, M.D., B.Sc. 
(Lond.). 196 pp. Demy Svo. Price 7s. 6d. net. (Post free, 
7s. lOd. home and abroad.) 

(Industrial b'ses of Air, Steam and 
Water.) 

DRYING BY MEANS OF AIR AND STEAM. Ex- 

f ilanations, Formulae, and Tables for Use in Practice. Trans- 
ated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Tables, and 
Two Illustrations. Crown Svo. 76 pp. Price 5s. net. (Post 
free, 5s. 4d. home and abroad.) 

{^ee^lso “ Evaporatings Condensing and Cooling Apparatus s'" p* 18.) 

PURS AIR, OZONE AND WATER. A Practical 

Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint,*' 
Glue and other Industries. By W. B. Cowell. Twelve Ulus* 

, trations. Crown Svo. 85 pp. Price Ss. net. (Post free, Ss. 5d. 
home ; Ss. 6d. abroad. ) 

^ For contentl of thesie hoo^s^ s^e l,i§t HI. 
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THE INDUSTRIAL USES OF WATER. COHFORl- 
TION— EFFECTS— TROUBLES— REMEDIES?— 
RESIDUARY WATERS ^PURIFIOATION— AN- 
ALYSlS. By H. DE LA Coux. Royal 8vo. Trans- 
latcd from the French and Revised by Arthur Morris. 364 pp, 
135 Illustrations. Price 10s. 6d. net. (Post free, 11s. home; 
’ll 8. 6d. abroad.) 

{See Books on Engineering and Metallurgy ^ p. 18.) 

(X Rays.) 

PRACTICAL X RAY WORE. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George’s Hospital ; Demonstrator of Physics 
and Chemistry, and Teacher of Radiography in St. George’s 
Hospital Medical School. Demy 8vo. Twelve Plates from 
Photographs of X Ray Work. Fifty-two Illustrations. 200 pp. 
Price 10s. 6d. net. (Post free, 11s. home; 11s 2d. abroad.) 

(India-Rubber and Gutta Percha.) 

INDIA-RUBBER AND GUTTA PERCHA. Second 

English Edition, Revised and Enlarged. Based on the French 
work of T. Seeligmann, G. Lamy Torrilhon and H. Falconnbt 
by John Geddes McIntosh. Royal 8vo. 100 Illustrations. 400 
pages. Price 12s. 6d. net. (Post free, 13s. Id. home; ISs. 8d. 
abroad.) ' 

(Leather Trades.) 

THE LEATHER WORKER’S MANUAL. Being a 

Compendium of Practical Recipes and Working Formulae fbr 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers. By H. C. Standaob. 
Demy 8vo. 165 pp. Price 7s. 6d. net. (Post free, 8s.^hon[le 
and abroad.) • 

{See also Manufacture of Shoe Polishes, Leather Dressings, etc., p, 6.) 

(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICKMAEING. By Alfred B. Sbarlb, 

Royal 8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net. 
(Post free, 13s. Id. home; 13s. 7d. abroad.) 

THE MANUAL OT PRACTICAL POTTING. Com- 
piled by Experts, and Edited by Cha8. F. Binns. Fourth Bdition, 
Revised and Enlarged. 200 pp. Demy 8vo. Price 178. 6d. net. 
(Post free, 18s. home; 18s. 2d. abroad.) 

POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. HaInbach^ 
Translated from the German. Crown 8vo. 250 pp. Twenty-, 
two Illustrations. Price 7s. 6d. net. (Post free, 8s. home; 
88. 2d. abroad.) 
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A TREATISE ON CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. By 
Emile Bourry. A Revised Translation from the French, with 
some Critical Notes by Alfred B. Searle. Demy 8vo. 308 
Illustrations. 460 pp. Price 12s. 6d. net. (Post free, 13s. home; 
13s. 6d. abroad.) 

ARCHITECTURAL POTTERY. Bricks. Tiles, Pipes, 
Enamelled Terra-cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. By Leon 
Lef^vre. Translated from the French by K. H. Bird, M.A., 
and W. Moore Binns. With Five Plates. 950 Illustrations in 
the Text, and numerous estimates. 500 pp. Royal 8vo. Price 
15s. net. (Post free, 15s. 7d. home; 16s. 4d. abroad.) 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Hovvokth. Second 

Edition. Paper Cover. Pricels.net. (By post, home or abroad. 
Is. 2d.l 

NOTES ON POTTERY CLAYS. The Distribution, 

Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOW TO ANALYSE CLAY. By H. M. Ashbv. Demy 

8vo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free, 
38. lOd. home and abroad.) 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POT- 
TERIES ; AND THE RISE AND PROGRESS 
OP THE MANUFACTURE OP POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Eminent Potters. By Simeon Shaw. (Originally 
published in 1829.) *265 pp. Demy 8vo. Price 5s. net. (Post 
free, 5s. 6d. home; 5s. lOd. abroad.) 

A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon 

Smaw. (Originally published in 1837.) 750 pp. Royal 8vo. 

Price 10s. net. (Post free, 10s. 7d. home; lls. 6d. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscroft 

Rhbad. Demy 8vo. 310 pp. With over Twelve-hundred Illus- 
trations of Marks. Price 7s. 6d. net. (Post free, 8s. home ; 
Ss. 4d. abroad.) 


For contents of these books^ see List III. 



IS 

(Glassware, Glass Staining and Painting.) 

recipes fob flint glass making. By a 

British Glass Master and Mixer. Sixty Recipes. Being Leaves 
from the Mixing Book of several experts in the Flint Glass Trade, 
containing up-to-date recipes and valuable information as to 
Crystal, Demi -crystal and Coloured Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blow- 
ing, etc., as well as the most costly crystal and ruby. Second 
Edition. Crown 8vo. Price 10s. 6d. net. (Post free, lOs. lOd. 
home and abroad.) 

A TREATISE ON THE ART OP GLASS PAINT- 
ING. Prefaced with a Review of Ancient Glass. By 
Ernest R. Suppling. With One Coloured Plate and Thirty- 
seven Illustrations. Demy 8vo. 140 pp. Price 78. 6d. net. 
(Post free, Ss. home and abroad.) 

(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 

M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. 

Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE TREATMENT OP PAPER FOR SPECIAL 
PURPOSES. By L. E. Andes. Translated from the 

German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. 
(Post free, 6s. 5d. home ; 6s. 6d. abroad.) 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel 

Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art. By Paul Randau. Second and Revised 
Edition. Translated from the German. With 16 Illustrations. 
Demy 8vo. 200 pp. Price 10s. 6d. net. (Post free, 11s. home; 
11s. 2d. abroad.) 

THE ART OP ENAMELLING ON METAL. By 

W. Norman Brown. Second Edition, Revised. Crown 8vo. 
60 pp. Price 3s. 6d. net. (Post free, 3s. lOd. home and abroad.) 

(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union, and other Cloths). By Roberts Beaumont, 
M.Sc., M.l.Mech.E. With 150 Illustrations of Fibres, Yarns 
and Fabrics, also Sectional and other Drawings of Finishing 
Machinery. Demy 8vo. 260 pp. Pricel0s.6d.net. (Pbstfree, 
11s. home; 11s. 2d. abroad.) 

STANDARD CLOTHS : Structure and Manufacture 
(General, Military and Naval). By Roberts Beaumont, M.Sc., 
M.l.Mech.E. 342 pp. Numerous Illustrations. 16 Plates in 
Monochrome and Colour. Demy 8vo. Price 12s. 6d. net. (Post 
free, 13s. home ; 13s. 4d. abroad.) 



FIBRES USED IN TEXTILE AND ALLIED IN- 
DUSTRIES. By C. Ainsworth Mitchell, B.A 

(Oxon.), P.I.C., and R. M. Prideaux, P.I.C. With 66 Illustra- 
tions specially drawn direct from the Pibres. Demy 8vo. 
200 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRICS AND THEIR APPLICATION. De- 
scription of all the Materials used in Dressing Textiles : Their 
Special Properties, the preparation of Dressings and their em- 
ployment in Pinishing Linen, Cotton, Woollen and Silk Pabrics. 
Pireproof and Waterproof Dressings, together with the principal 
machinery employed. Translated from the Third German 
Edition of Friedrich Polleyn. Demy 8vo. 280 pp. Sixty 
Illustrations. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. 
abroad.) 

POWER-LOOM WEAVING AND YARN NUMBER- 
ING, According to Various Systems, with Conversion 
Tables. Translated from the German of Anthon Gruner. With 
Twenty-8ix Dlagrrams in Colours. 150pp. Crown 8vo. Price 
7s. 6d. net. (Post free, 7s. lid. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) By 
Julius Zipsbr. Translated from German by Charles Salter. 
302 Illustrations. 500 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, 11s. Id. home ; 11s. 8d. abroad.) 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical 
School. Demy 8vo. 280 pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, 6s. 5d. home; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE- A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 3s. 6d. 
net. (Post free, 4s. home and abroad.) 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Second Revised Edition. With 
3 Plates and 16 Diagrams. Price 2s. 6d. net. (Post free, 2s. lOd. 
home and abroad.) 

CHURCH LACE. By M. E, W. Milkov. [in preparation. 

THE* CHEMISTRY OF HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers' Association. 
By Watson Smith, F.C.S., P.I.C. Revised and Edited by 
Albert Shonk. Crown 8vo. 132 pp. 16 Illustrations. Price 
7s. 6d. net. (Post free, 7s. lid. home ; 8s. abroad.) 

Pot contents of these books, see List II. 
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THE TECHNICAL TESTING OP YARNS AND 
TEXTILE FABRICS. With Reference to Official 
Specifications. Translated frond the German of Dr. J. Herz^bld. 
Second Edition. Sixty-nine llliuatrations. 200 pp.. Demy 8vo. 
Price 10s, fid net. (Post free, lls. home; Us. 2d. abroad.)^ ^ 

DECORATIVE AND FANCY TEXTILE FABRICS., 

By R. T. Lord. For Manufacturers and Designers of Carpets, 
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and Illustrations. Price 7s. fid. net. (Post free, 
8s. home; 8s. 2d. abroad.) 

THEORY AND PRACTICE OP DAMASK WEAV- 
ING. By H. Kinzer and K. Walter. Royal 8vo. 

Eighteen Folding Plates. Six Illustrations. Translated from' 
the German. 110 pp. Price 8s. fid. net. (Post freej 9s. home ; 
9s. 2d. abroad.) 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser. Translated from the Second German Edition. „ 
Crown 8vo. Sixty-three Illustrations. 170 pp. Price 5s. net. 
(Post free, 5s. 5d. home ; 5s. fid. abroad.) 

SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables. 160 pp. Demy 
8vo. 1904. Price 10s.6d.net. (Post free, lls. home ; lls. 2d. 
abroad.) * 

WORSTED SPINNERS* PRACTICAL HANDBOOK. 

By H. Turner. 148 pp. 54 Drawings. Crown 8vo. Price '6s. 
net. (Post free, 6s. 5d. home ; 6s. fid. abroad.) 

ANALYSIS OP WOVEN FABRICS. By A. F. Barker, 

M.Sc., and E. Midgley. Demy 8vo. 316 pp. Numerous Table's, 
Examples and 82 Illustrations. Price* 7s. fid. net. (Post free, 
8s. home ; 8s. 4d. abroad.) 

WATERPROOFING OF FABRICS. By Dr. S. Mier- 

ziNSKi. Second Edition, Revised and Enlarged. Crown fiyo. 
140 pp. 29 Ulus. Price 5s. net. (Post free, 5s. 5d. home; 
5s. fid. abroad.) 

HOW TO MAKE A WOOLLEN MILL PAY. By 

John Mackie. Crown 8vo. 76 pp. Price 3s. fid. net. (Post 
free, 3s. lOd. home and abroad.) • 

••YARN AND WARP SIZING IN ALL ITS 
BRANCHES. Translated from the German of Carl 
Kretschmar. Royal 8vo. 123 Illustrations. 150 pp. Price 
I0s.6d.net. (Post free, lls. home ; lls. 4d. abroad.) 

{For “ Textile Soaps and Oil? ” see p, 7.) 
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(Dyeing, Colour Printing, Matching 
and Dye-stuffs.) 

THE COLOXTR PRINTING OF CARPET YARNS. 

Manual for Colour Chemists and Textile Printers. By David 
Paterson, F.C.S. Seventeen Illustrations. 136 pp. Demy 
8vo. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

TEXTILE COLOUR MIXING. By David Paterson, 

F.R.S.E., F.C.S. Formerly published under title of “ Science of 
Colour Mixing ”. Second Revised Edition. Demy 8vo. 140 pp. 
41 Illustrations, with 5 Coloured Plates and 4 Plates shov/ing 
Dyed Specimens. Price 7s. 6d. net. (Post free, 8s. home; 
8s. 2d. abroad.) 

DYERS’ MATERIALS : An Introduction to the Examina- 
tion, Evaluation and Application of the most important Sub- 
stances used in Dyeing, Printing, Bleaching and Finishing. I^ 
Paul Heerman, Ph.D. Translated from the German by A. C. 
Wright, M.A. (Oxon)., B.Sc. (Lond.). Twenty-four Illustrations. 
Crown 8vo. 150 pp. Price 5s. net. (Post free, 5s. 5d. home ; 
5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual 

intended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson. F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Speoimene Of 
Dyed Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 

COLOUR : A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst. With Eleven 

Coloured Plates and Seventy two Illustrations. Second Edition. 
Demy 8vo. 168 pp. Price 7s. 6d. net. (Post free, 8s. home ; 
8s. 2d. abroad.) 

Reissue of 

THE ART OP DYEING WOOL, SILK AND 
COTTON. Translated from the French of M. Hellot, 
M. Macquer and M>le Pileur D’Aplig.vy. First Published in 
English m 1789. Six Plates. Demy 8vo. 446 pp. Price 5s.net. 
(Post free, 5s. 6d. home ; 6s. 4d. abroad.) 

THE CHEMISTRY OP DYE-STUPPS. By Dr. Georg 

Von Georgievics. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. horns; 
11s. 4d. abroad.) 

THE DYEING OP COTTON PABRICS : A Practical 

Handbook for the Dyer and Student. By Franklin Beech, 
Practical Colourist and Chemist. 272 pp. Second Revised 
Edition. Price lO.s. 6d. net. (Post free, 11s. home; 11s. 2d. 
abroad.) 

THE DYEING OP WOOLLEN PABRICS. By 

Franklin Beech, Practical Colourist and Chemist. Thirty- 
three Illustrations. Demy 8vo. 228 pp. Price 7s. 6d. net. 
(Post free, 8s. home ; 8s. 2d. abroad.) 

VoY contents of these books^ see List //, 
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(Silk Manufacture.) 

ttlLK THROWING AND WASTE SILK SPIN- 
NING. By Hollins Raynbr. Demy 8vo. 170 pp. 
117 Illustrations. [Revised Edition in preparation, 

(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING 
OF LINEN AND COTTON YARN AND FABRICS. 

By L. Tailper, Chemical and Mechanical Engineer. Trans- 
lated from the French by John Geddes McIntosh. Demy 8vo. 
Second Revised Edition. 370 pp. Price 15s. net. (Post free, 
15s. 6d. home; IBs. abroad.) 

MODERN BLEACHING AGENTS AND DETER. 
GENTS. By Professor Max Bottler. Translated 
from the German. Crown 8vo. 16 Illustrations. 160 pages. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (First Year). By Thomas 

Thornley, Spinnint; Master, Bolton Technical School. 160 pp. 
84 Illustrations. Crown 8vo. Second Impression. Price 3s. 
net. (Post free, 3s. 5d. home; 3s. 6d. abroad.) 

COTTON SPINNING (Intermediate, or Second Year). 
By T. Thornley. Third Edition, Revised and Enlarged. 320 pp. 
114 Drawings. Crown 8vo. Price 7s. 6d. net. (Post free, &. 
home ; 8s. 2d. abroad.) 

COTTON SPINNING (Honours, or Third Year). By 
T. Thornley. 216 pp 74 Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 5s. 5d. home; 5s. Bd. abroad.) 

COTTON COMBING MACHINES. By Thos, Thorn- 

LEY, Spinning Master, Technical School, Bolton. Demy 8vo. 
117 Illustrations. 300 pp. Price 7s. ^6d. net. (Post free, 8s. 
home ; 8s. 4d. abroad.) 

COTTON WASTE : Its Production, Characteristics, 
Regulation, Opening, Carding, Spinning and Weaving. By Thomas 
Thornley. DemySvo, 286 pages. 60 Illustrations. Price 7s. 6d. 
net. (Post free, 8s, home ; 8s. 4d. abroad.) 

THE RING SPINNING FRAME : GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 

Crown 8vo. 76 pages. Price 3s. net. (Post free, 3s. 4d. home 
and abroad.) • 

(Flax, Hemp and Jute Spinning.) 

modern flax, hemp and jute spinning 

AND TWISTING. A Practical Handbook for the use 
of Flax, Hemp and Jute Spinners, Thread, Twine and Rope 
Makers. By Herbert R. Carter. Demy 8vo. 1907. With 92 
Illustrations. 200 pp. Price 7s. 6d. net. (Post free, 78. lid. 
home ; 8s. 2d. abroad.) 
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(Collieries and Mines.) 

RECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated fi;om 
the German. Illustrated by Six large Plates, containing Seventy- 
six Illustrations. 175 pp. Demy 8vo. Price 10s. 6d. net. (Post 
free. 11s. home; 11s. 2d. abroad.) 

VENTILATION IN MINES. By Robert Wabner, 

Mining Engineer. Translated from the German. Royal 8vo. 
Thirty Plates and Twenty-two Illustrations. 240 pp. Price 
10s. 6d. net. (Post free, 11s. home ; 11s. 6d. abroad.) 

THE ELECTRICAL EQUIPMENT OP COLLIERIES. 

By W. Galloway Duncan and David Penman. Demy 8vo. 
310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. 
(Post free, 11s. home; 11s. 4d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY. MANUAL FOR STU- 
DENTS AND DENTISTS. By A. B. Griffiths. 

Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

(Engineering and Metallurgy.) 

THE PREVENTION OP SMOKE. Combined with 
the Economical Combustion of Fuel. By W. C. Popplewell» 
M.Sc., A.M. Inst., C.E., Consulting Engineer. Forty-six Illus- 
trations. 190 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review 

of the Various Appliances Patented in Germany for this purpose 
since 1885. By Albert PCtsch. 130 pp. Demy 8vo. Trans- 
lated from the German. With 103 Illustrations. Price 5s. net. 
(Post free, 5s 5d. home ; 5s. 6d. abroad.) 

THE HARDENING AND TEMPERING OP STEEL 
IN THEORY AND PRACTICE. By Fridolin 

Reiser. Translated from the German of the Third Edition. 
Crown 8vo. 120 pp. Price 5s. net. (Post free, 5s. 4d. home and 
abroad.) 

SIDEROLOGY; THE SCIENCE OP IRON (The 

Constitution of Iron Alloys and Slags). Translated from 
German of Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. 
Eleven Plates and Ten Illustrations. Price 10s. 6d. net. (Post 
free, 11s. home; I Is. 4d. abroad.) 

EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables 
for Use in Practice. By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty- 
one Illustrations and Seventy-six Tables. Second English Edition 
Revised. With Conversion Diagrams for Converting from Metric, 
to British Units. 400 pp. Demy 8vo. Price 12s. 6d. net. (Post 
free, 13s. home; 13s. 6d. abroad.) 

For contents of these hooks, see L,ists II and III. 



(The Broadway Series of Engineering 
Handbooks.) 

Uniform in Size: Narrow Crown 8vo. (Pocket Size.) 
Volume I.— ELEMENTARY PRINCIPLES OP RE- 
INFORCED CONCRETE CONSTRUCTION. By 

Ewart S. Andrews, B.Sc. Eng. (Lond.). 200 pages. With 57 
Illustrations. Numerous Tables and Worked Examples. Price 
3s. net. (Post free, 3s. 5d. home ; 3s. 6d. abroad.) 

Volume II.— GAS AND OIL ENGINES. By A. 

Kirschke. Translated and Revised from the German, and 
adapted to British practice. 160 pages. 55 Illustrations. 
Price 3s. net. (Post free, 3s. 5d. home ; 3s. 6d. abroad.) 

Volume III. — IRON AND STEEL CONSTRUC- 
TIONAL WORK. By K. Schindler. Translated 

and Revised from the German, and adapted to British practice. 
140 pages. 115 Illustrations. Price 3s. 6d. net. (Post free, 
3s. lid. home ; 4s. abroad.) 

Volume IV. — TOOTHED GEARING. By G. T. White, 
B.Sc. (Lond.). 220 pages. 136 Illustrations. Price 3s. 6d. net. 
(Post free, 3s. lid. home ; 4s. abroad.) 

Volume V. — STEAM TURBINES : Their Theory and 

Construction. By H. Wilda. Translated from the German; 
Revised and adapted to British practice. 200 pages. 104 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home ; 4s. abroad.) 

Volume VI. — CRANES AND HOISTS. Their Construc- 
tion and Calculation. By H. Wilda. Translated from the German ; 
revised and adapted to British practice. 168 pages. 399 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home; 4s. abroad.) 
Volume VII.— FOUNDRY MACHINERY. By E. 

Treiber. Translated from the German ; revised and adapted to 
British practice. 148 pages. 51 Illustrations. Price3s.6d.net. 
(Post free, 3s. lid. home ; 4s. abroad ) 

Volume VI II.— MOTOR CAR MECHANISM. By 

W. E. Dommett, Wh.Ex., A.M.I.A.E. ^00 pages. 102 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home ; 4s. abroad.) 

Volume IX.— ELEMENTARY PRINCIPLES OF 
ILLUMINATION AND ARTIFICIAL LIGHTING. 

By A. Blok, B.Sc. 240 pages. 124 Illustrations and Diagrams 
and 1 Folding Plate. Price 3s. 6d. net. (Post free, 3s. lid. 
home ; 4s. abroad.) 

Volume X.— HYDRAULIC S. By E. H. Sprague, 
A.M.l.C.E, 190 pages. With Worked Examples and 89 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. 1 Id. home ; 4s. abroad.) 

Volume XI. — ELEMENTARY PRINCIPLES OF 
SURVEYING. By M. T. M. Ormsby, M.I.C.E.I. 

244 pages. With Worked Examples and 135 Illustrations and 
Diagrams, including 4 Folding Plates. Price 4s. net. (Post free,. 
4s. 5d. home; 4s 6d. abroad.) 

Volume XII.— THE SCIENCE OF WORKS MANAGE- 
MENT. By John Batey. 232 pages. Price 4s. net. 
(Post free, 4s. 5d. home ; 4s. 6d. abroad.) 
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Volume XIII.— THE CALCULUS FOR ENGINEERS. 

By Ewart S. Andrews, B.Sc.Eng. (Lond.), and H. Bryqn 
Hbywooo, D.Sc. (Paris), B.Sc. (Lond.). 284 pages. 102 Illustra- 
tions. With Tables and Worked Examples. Price 4s, net. (Post 
free, 4s. 5d. home ; 4s. Gd. abroad.) 

Volume XIV. — LATHES : Their Construction and 
Operation. By G. W. Burley, A.M.I.M.E., Wh.Ex. 244 pages. 
2()0 Illustrations. Price 3s. 6d. net. (Post free, 3s. lid* home; 
4s. abroad.) 

Volume XV. —STEAM BOILERS AND COMBUS- 
TION. By John Batey. 220 pages. 18 Diagrams. 
Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XVI.— REINFORCED CONCRETE IN PRAC- 
TICE. By A. Alban H. Scott, M.S.A., M.C.I. 190 pp. 

130 Illustrations and Diagrams and 2 Folding Plates. Price 4s. 
net. (Post free, 4s. 5d. home ; 4s. Gd. abroad.) 

Volume XVII. — STABILITY OF MASONRY. By 

E. H. Sprague, A.M.I.C.E. 180 pp. 92 Illustrations. 3 Folding 
Plates and Worked Examples. Price 4s. net. (Post free, 48. 5d. 
home ; 4s. Gd. abroad.) 

Volume XVI 1 1. —TESTING OF MACHINE TOOLS. 

By G. W. Burley, Wh.Ex., A.M.I.M.E. 240 pp. 110 Illustra- 
tions. Price 4s. net. (Post free, 4s. 5d. home ; 4s. Gd. abroad.) 

Volume XIX.— BRIDGE FOUNDATIONS. By W. 
Burnside, M.I.C.E. 148 pp. 31 Diagrams. Price 4s. net. (Post 
free, 4s. 4d. home and abroad.) 

Volume XX.— THE STABILITY OF ARCHES. By 

E. H. Sprague, A.M.I.C.E. 150 pp. 58 Diagrams. 5 Folding 
Plates. Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XXI. — ELEMENTARY MATHEMATICS 
FOR ENGINEERS. By E. H. Sprague, A.M.I.C.E. 

236 pp. 101 Diagrams. Price 4s. net. (Post free, 4s. 4d. home ; 
4s. Gd. abroad.) 

Volume XXII.— THE DESIGN OF MACHINE ELE- 
MENTS. By W. G. Dunkley, B.Sc. Volume I. 

Forces and Stresses ; Shafting and Bearings; Couplings; Springs. 
210 pp. 123 Illustrations and 16 Tables. Price 4s. net. (Post 
free, 4s. 4d. home ; 4s 6d. abroad.) 

Volume XXI 1 1 . —THE DESIGN OF MACHINE ELE- 
MENTS. By W. G. Dunkley, B.Sc. Volume II. 
Screws and Bolts ; Clutches ; Belts and Pulleys ; Gearing. 220 
pp. 122 Illustrations and 15 Tables. Price 4s. net. (Post free, 
48. 4d. home ; 4s. 6d. abroad.) 

VoLifME XXIV.— THE CALCULATIONS FOR STEEL- 
FRAME STRUCTURES. By C. Cocking, M.C.I., 

M.J.lnst.E. 312 pp. With 78 Illustrations and 6 Folding Plates;* 
numerous Worked Examples, and a Complete Series of Calcula- 
tions for a Steel-Frame Warehouse. Price 58. net. (Post free, 
5s. 5d. home ; 5s. 6d. abroad.) 


For contents of these books, see List III. 
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Volume XXV.— THE DRIVING OF MACHINE 
TOOLS. By Thos. R. Shaw, A.M.l.Mech.E. 225 pp. 

129 illustrations and 37 Tables. Price 4s. net. (Post freei, '4^. 4d. 
home; 4s. 6d. abroad.) 

[IN PREPARATION.] 

ELEMENTS OF GRAPHIC STATICS. By E. H. Sprague, A.M.I.C.B. 

STRENGTH OF STRUCTURAL ELEMENTS. By E. H. Sprague, A.M I C E. 
GEAR CUTTING. By G. W. Buruev, Wh.Ex., A.M.I M.E. 

MOVING LOADS BY INFLUENCE LINES AND OTHER METHODS. By E. H. 

Sprague, A M.I.C.E. 

DRAWING OFFICE PRACTICE. By W. Cleih.. 

ESTIMATING STEELWORK FOR BUILDINGS. By B. P. F. Gleeo and S. 
Bylander, M C.l. 

THE THEORY OF THE CENTRIFUGAL AND TURBO PUMP By J. Wells. 
Cameron. 

STRENGTH OF SHIPS. By James Bertram Thomas 

MACHINE SHOP PRACTICE. By G. W. Burley, Wh.Ex., A.M I. M.E. 

IRON AND STEEL. By J. S. Glen Primrose 
ELECTRIC TRACTION. By H M Sayers. 

PRECISION GRINDING MACHINES. By T K. Shaw 


(Sanitary Plumbing, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on 
Lead Work lor Roofs. By John W. Hart, R.P.C. 180 Illustra- 
tions. 272 pp. Demy fevo. Second Edition Revised. Price 
78. 6d. net. (Post free, 8s. home; 8s. 2d. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition,. 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illus- 
trations. 313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 4d. abroad.) 

SANITARY PLUMBING AND DRAINAGE. By 

John W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 
1904. Price 78. 6d. net. (Post free, Ss. home; 8s. 2d. abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 
8vo. Price 7s. 6d. net, (Post free, 8s. home ; 8s. 2d. abroad.) 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZ- 
ING BRASS WARE. By W. Norman Brown. 

Revised and Enlarged Edition. Crown 8vo. 48 pp. ’ Price 
38. net. (Post free, 3s. 4d. home and abroad.) 

A HANDBOOK ON JAPANNING. For Ironware, 
Tinware, and Wood, etc. By William Norman Brown. 
Second Edition. Crown 8vo. 70 pages. 13 Illustrations. Price 
3s. 6d. net. (Post free, 3s. lOd. home and abroad.) , 
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SHEET METAL WORKING. By F. Georgi and 

A. Schubert. Translated from the German. Demy 8vo. 160 
pages. 125 Drawings and Illustrations. 2 Folding Plates. 
Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

(Electric Wiring, etc.) 

THE DEVELOPMENT OF THE INCANDESCENT 
ELECTRIC LAMP. By G. Basil Barham, A.M.I.E.E. 

Demy 8vo. 200 pages. 2 Plates. 25 Illustrations and 10 Tables. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 8d. abroad.) 

WIRING CALCULATIONS FOR ELECTRIC 
LIGHT AND POWER INSTALLATIONS. By 

G. W. Lummis Paterson Crown 8vo. 96 pages. 35 Tables. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

ELECTRIC WIRING AND PITTING. By Sydney F. 

Walker, R.N., M.I.E.E., M.l.Min.E., A.M.Inst.C.E., etc., etc. 
Crown 8vo 150 pp. With Illustrations and Tables. Price 5s. 
net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Agriculture, etc.) 

INSECTICIDES, FUNGICIDES AND WEED- 
KILLERS. By E. Bourcart, D.Sc. Translated from 

the French. Demy 8vo. 450 pages, S3 Tables, and 12 Illustra- 
tions. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 4d. abroad.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN 
ARTICLE OP COMMERCE. By Emmanuel Gross. 

Translated from the German. 78 Ulus. 340 pp. Demy 8vo. Price 
10s. 6d. net. (Post free, 11s. home ; 11s. 4d. abroad.) 

(For Agricultural Lhemistry, see p. g.) 

{Wood Products, Timber and Wood Waste.) 
WOOD PRODUCTS. DISTILLATES AND EX- 
TRACTS. By P. Dumesny and J. Noyeh. Translated 
from the French by Donald Grant. Royal 8vo. 320 pp. 103 
Illustrations and Numerous Tables. Price 10s. 6d. net. (Post 
free, 11s. Id home; 11s. 8d. abroad.) 

TIMBER ; A Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical). Translated from the 
French of Paul Charpentier. Royal 8vo. 437 pp. 178 Illus- 
trations. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. 
abiboad.) 

THE UTILISATION OP WOOD WASTE. Trans- 
lated from the German of E. Hubbard. Second Revised English 
Edition. Crown 8vo. 208 pp. 50 Ulus. Price 5s. net, (Post 
free, 5s. 5d. home ; Ss. 6d. abroad.) 

(S« also Utilisation of Waste Products, p. 9.) 


For contents of these books, see List III, 
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(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oliver 

Wheatley. Demy 8vo. 83 Illustrations. 128 pp. Price 5s. 
net. (Post free, 5s. 5d. home ; 58. 6d. abroad.) 

THE P^VENTION OF DAMPNESS IN BUILD- 
INGS; with Remarks on the Causes, Nature and 
Effects of Saline, Efflorescences and Dry-rot. By Adolf 
Wilhelm Keim. Iranslated from the German. Eight Coloured 
Plates and Thirteen Illustrations. Crown 8vo. 115 pp. Price 
5s. net. (Post free, 5s. 4d. home and abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING, AND THEIR 
ALLIED TRADES AND SUBJECTS. By Augus- 
tine C. Passmore. Demy 8vo. 380 pp. Price 7s. 6d. net. 
(Post free, 8s. home ; 8s. 4d. abroad.) 

(Foods, Drugs and Sweetmeats.) 

FOOD AND DRUGS. By E. J. Parry, B.Sc., F.1.G.,P.C.S. 

Volume I. The Analysis of Food and Drugs (Chemical and 
Microscopical). Royal 8vo. 724 pp. Price 21s. net. (Post 
free, 21s. 7d. home ; 22s. Hd. British Colonies; 23s. 3d. other 
Foreign Countries.) 

Volume II. The Sale of Food and Drugs Acts, 1875-1907. 
Royal 8vo. 184 pp. Price 7s. 6d. net. (Post free, 8s. home ; 
8s. 4d. abroad.) 

THE MANUFACTURE OF PRESERVED FOODS 
AND SWEETMEATS. By A. Hausner. With 

Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Second English Edition. Crown 8vo. 225 
pp. Price 7s. 6d. net. (Post free, 7s. lid. home; 8s. abroad.) 

RECIPES FOR THE PRESERVING OP FRUIT, 
VEGETABLES AND MEAT. By E. Wagner. 

Translated from the German. Crown 8vo. 125 pp. With 14 Illus- 
trations. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Dyeing Fancy hoods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OF IMITATING ALL SORTS 
OP WOOD. A Practical Handbook for the Use of 

Joiners, Turners, Manufacturers of Fancy Goods, Stick and 
Umbrella Makers, Comb Makers, etc. Translated from the 
German of D. H. Soxhlet, Technical Chemist. Crown 8vo. 
168 pp. Price 5s. net, (Post free, 5s. 5d. home ; 5s. 6d. fibroad.) 

(Celluloid.) 

CELLULOID : Its Raw Material, Manufacture, Properties 
and Uses. By Dr. Fr. B5ckmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 
120 pp. With 49 Illustrations. Price 5s. net. (Post free, 
5s. 5d. home ; 5s. 6d. abroad.) 
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(Lithography, Printing and 
Engraving.) 

art of UTHOGRAPHY. By H. J. Rhodes. D«;my 

Svo. 344 pages. 120 Illustrations. 2 Folding Plates. Copious- 
combined Index and Glossary. Price 10s. 6d. net. (Post free,. 
11s. home ; 11s. 4d. abroad.) 

PRINTERS’ AND STATIONERS’ READY 
RECKONER AND COMPENDIUM. Compiled by 

Victor Graham. Crown Svo. 112 pp. 1904. Price3s.6d.net. 
(Post free, 3s. lid. home ; 4s. abroad.) 

ENGRAVING FOR ILLUSTRATION. HISTORI^ 
CAL AND PRACTICAL NOTES. By J. Kirkbride. 

72 pp. Two Plates and 6 Illustrations. Crown Svo. Price- 
2s. 6d. net. (Post free, 2s- lOd. home and abroad.) 

(For Printing Jnks^ see p. 4.) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adam. 

Translated from the German. Crown Svo. 180 pp. 127 Illus- 
trations. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.)i 

(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR: Practical Treatise 

on the Modern Methods of Manufacture of Sugar from the Sugar 
Cane and Sugar Beet. By John Geodes McIntosh. Third Edi- 
tion, Revised and Enlarged.. Demy Svo. 540 pages. 244 Illustra- 
tions. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.)* 
(S« “ Evaporating , Condensing, etc.. Apparatus,''^ p. iS.) 

(Emery.) 

EMERY AND THE EMERY INDUSTRY. Trans- 

latcd from the German of A. Haenig. Crown Svo. 45 IIluSv 
104 pp. Price 5s. net. (Post free, 5s. 5d. home ; Ss. 6d. abroad.) 

(Technical Schools.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000^ 
Technical, Commercial and Art Schools throughout the United 
Kingdom. With full particulars of the courses of instruction, 
names of principals, secretaries, etc. Deray 8vo. 150 pp. Price 
3s. 6d. net. (Post free, 4s. home and abroad.) 
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